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ANNUAL  REPORT  OF  THE  TRUSTEES 


OP  TUB 

MASSACHUSETTS  AGRICULTURAL  COLLEGE. 


To  His  Excellency  the  Governor  and  the  Honorable  Council. 

The  year  1887  has  been  one  of  exceptional  prosperity  to 
the  college.  No  changes  have  occurred  in  the  faculty,  and 
the  work  has  progressed  steadily  and  successfully  to  its 
close.  Notwithstanding  the  severe  drought  and  storm  with 
which  the  State  was  visited,  and  the  consequent  diminishing 
of  the  crops,  the  hay  has  been  far  above  the  average,  as  will 
be  seen  by  reference  to  the  report  of  the  professor  of  agri- 
culture. 

In  the  matter  of  instruction,  experiment  has  been  made  of 
inviting  gentlemen  not  connected  with  the  college  to  lecture 
on  special  topics  to  those  pupils  fitted  by  previous  study  to 
profitably  listen  to  them,  the  lecture  being  followed  by  a 
general  discussion  in  which  the  students  themselves  partici- 
pated. The  greater  part  of  these  lectures  have  been  deliv- 
ered before  the  senior  and  junior  classes,  while  a few  have 
been  open  to  the  whole  college.  The  value  of  this  instruc- 
tion has  been  very  apparent.  Though  the  material  was  the 
same  as  that  used  in  ordinary  instruction,  yet  the  presenta- 
tion of  it  in  a different  light  by  different  individuals,  — by 
men  who  had  made  it  a careful  study,  — renewed  the  in- 
terest of  the  student  and  awakened  inquiry.  The  accom- 
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panying  list  will  present  an  idea  of  the  topics  discussed 
and  the  gentlemen  taking  part : — 


Prof.  Benjamin  K.  Emerson  of  Amherst  College,  — Two  lectures 
on  the  Nebular  Hypothesis. 

Mr.  Henry  T.  Fernald  of  Johns  Hopkins  University,  — Two  lec- 
tures on  the  Origin  of  Life. 

Prof.  John  M.  Tyler  of  Amherst,  — Ten  lectures  on  Evolution. 
Mr.  John  M.  Smith  of  Sunderland, — Feeding  Stock. 

Hon.  Thomas  P.  Root  of  Barre,  — Cheese-making. 

Mr.  C.  M.  Winslow  of  Brandon,  Vt., — Ayrshire  Cattle. 

Mr.  E.  F.  Bowditch  of  South  Framingham,  — Guernsey  Cattle ; 

Raising  of  early  Lambs  for  Market. 

Mr.  Frederick  L.  Houghton  of  Putney,  Vt.,  — Holstein-Friesian 
Cattle. 

Hon.  Edward  Burnett  of  Southborough,  — Jersey  Cattle. 

Hon.  William  R.  Sessions  of  Hampden,  — Dairy  Shorthorns. 
Mr.  Oscar  Ely  of  Holyoke,  — Milk  Production. 

Col.  Henry  W.  Wilson  of  Boston,  — Three  lectures  on  Irrigation. 
Joseph  E.  Pond,  Esq.,  of  North  Attleborough, — Honey  and  the 
Care  of  Bees. 

Mr.  W.  W.  Rawson  of  Arlington,  — Market  Gardening. 

Dr.  Austin  Peters  of  Boston,  — Abortion  in  Cows;  Castration  of 
Domestic  Animals. 

Mr.  William  II.  Bowker  of  Boston,  — Homoeopathy  in  Agricul- 
ture. 

Dr.  William  H.  Dall  of  Washington,  D.  C., — Alaska  and  its 
Resources. 

An  additional  instructor  is  greatly  needed  in  the  depart- 
ment of  English.  It  is  impossible,  with  the  present  small 
corps  of  teachers,  to  do  justice  to  the  study  of  our  mother 
tongue.  A knowledge  of  English  composition,  — the  power 
of  adequately  expressing  thought  in  words,  — lies  at  the  very 
base  of  all  education.  The  student,  coming  as  he  does  from 
the  common  or  high  school,  has  had  little  or  no  practice  of 
this  kind  before  entering  college,  and  whatever  he  learns 
must  be  learned  there.  But  with  our  present  force  and  the 
pressure  of  other  duties  this  work  is  necessarily  divided  up 
among  four  instructors,  upon  whom  this  falls  as  an  additional 
burden.  There  arises  from  this  a lack  of  unity,  and  the  best 
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Massachusetts  Agricultural  College, 
Amherst,  Jan.  12,  1888. 

To  His  Excellency  Oliver  Ames. 

Sir  — I have  the  honor  herewith  to  present  to  your 
Excellency  and  the  Honorable  Council  the  Twenty-fifth 
AnnualJReport  of  the  Trustees  of  the  Massachusetts  Agri- 
cultural College. 


I am,  sir,  very  respectfully, 

Your  obedient  servant, 


HENRY  H.  GOODELL. 


CONTENTS. 


Page 

Report  of  Trustees, 7-21 

Extra  Instruction, 8 

The  Library, 9 

Labor  Fund, 10 

Wants  of  the  College, 11 

Report  of  Agricultural  Department, 13 

Lease  of  Land  to  Experiment  Station, 17 

Gifts, 18 

Report  of  Treasurer, 22 

Report  of  Chemical  Department, 26 

Report  of  Military  Department, 29 

Calendar, 37 

Catalogue  of  Faculty  and  Students, 39-44 

Course  of  Study, 45 

Schedule  of  Term  Exercises, 47 

Requirements  for  Admission, 51 

Expenses, 52 

Scholarships, 53 

Equipment, 54 

Differences  in  Dairy  Products, 63 


The  Orthoptera  of  New  England, 


89 


1888.]  PUBLIC  DOCUMENT  — No.  31. 


9 


results  are  not  obtained.  The  whole  department  ought  to 
be  in  the  hands  of  one  man,  holding  at  first,  perhaps,  daily, 
and  later  on,  weekly  exercises.  And  there  ought,  above  all, 
to  be  a well-defined  and  progressive  course,  commencing 
with  simple  description  and  business  details  in  the  freshman 
year,  and  leading  up  to  the  higher  forms  of  essay  and  original 
declamation. 


THE  LIBRARY. 

In  its  relation  to  education  this  goes  hand  in  hand  with 
the  instruction  of  the  recitation-room,  and  is  its  strongest 
support.  It  touches  pupil  and  teacher  alike,  and  is  the 
fountain-head  from  which  each  department  draws  its  inspira- 
tion. The  student  should  be  taught  to  look  up  difficult 
points  for  himself,  and  to  use  the  library  as  a valuable  auxil- 
iary in  the  study  of  his  text-books.  But  this  can  only  be 
done  effectively  when  the  latest  and  best  works  are  to  be 
found  on  its  shelves.  Feed  a student  with  trash,  and  mental 
deformity  ensues.  “ Gyf  to  ye  foke  ye  beste  and  moche  of 
it  and  they  will  stumak  no  thing  else  ” is  as  true  now  as 
when  penned  well  nigh  two  hundred  and  fifty  years  ago. 
The  growth  of  the  library  has  been  something  phenomenal. 
In  four  years  it  has  nearly  trebled  in  size,  numbering  now 
6,485  volumes,  distributed  as  follows  : — 


Philosophy, 

63 

The  Fine  Arts,  . 

37 

Theology,  .... 

158 

Literature,  , 

285 

Sociology,  .... 

782 

History,  Travel,  etc.,  . 

610 

Philology  and  Miscellany, 

100 

— 

The  Natural  Sciences, 
The  Useful  Arts, 

1,633 

2,810 

Total,  . . . 

. 6,485 

As  might  be  expected,  the  departments  of  horticulture 
(including  botany)  and  agriculture  are  best  supplied, — the 
former  numbering  1,080  volumes,  the  latter  1,493.  These 
numbers,  however,  are  not  as  large  as  would  at  first  appear ; 
many  of  the  works  being  in  sets  of  fifteen  or  twenty  volumes. 
Agriculture  for  example,  with  its  1,493  volumes,  numbers 
but  470  distinct  titles.  The  libraries  of  history,  literature, 
zoology,  chemistry  and  geology  are  particularly  deficient,  and 
require  additions  as  soon  as  practicable. 
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LABOIt  FUND. 

The  establishment  of  a fund,  out  of  the  income  of  which, 
students  requiring  aid  can  receive  compensation  for  work, 
has  been  urged  in  successive  reports,  and  I cannot  but  again 
call  the  attention  of  your  Excellency  and  Honorable  Council 
to  the  great  advantages  to  be  derived  from  it.  It  is  no  new 
idea.  It  has  been  tried  in  other  states,  as  well  as  our  own, 
with  the  most  gratifying  results.  In  1877,  in  response  to 
the  appeal  of  the  Trustees,  the  Legislature  granted  an  appro- 
priation of  $2,500  for  this  purpose.  No  sooner  was  the  fact 
known,  than  applicants  appeared  from  every  part  of  the 
Commonwealth,  and  the  result  was  the  presence  of  the 
largest  number  of  students,  with  one  exception,  in  the  his- 
tory of  the  college,  — young  men  who  came  to  get  an  educa- 
tion, and  who  came  to  work  for  it. 

In  a recent  address  ol  one  of  our  great  educators  I find 
this  sentence  : 4 4 The  State  ought  to  furnish  an  avenue  by 
which  any  youth  within  its  borders  may  find  his  way  to  the 
best  education  which  the  advancement  of  human  knowledge 
can  give,  and  which  the  progress  of  human  civilization  can 
apply  towards  its  farther  development.”  How  can  this  best 
be  accomplished  ? How  can  the  large  and  deserving  class  of 
those  in  moderate  circumstances  be  assisted  to  receive  such 
education  ? Certainly  not  by  gift  outright.  44  Every  thing,” 
said  Bacon,  44  is  worth  just  what  it  costs  in  labor ; ” and  to 
nothing  can  this  be  applied  with  more  truth  than  to  the  edu- 
cation won  at  the  expense  of  downright,  hard,  unremitting 
toil.  The  cry  for  help  is  constantly  going  up  from  the  hill- 
towns  on  account  of  diminishing  population,  and  we  are  as- 
sured that  the  time  is  not  far  distant  when  the  State  must 
step  in  to  their  relief.  4 4 But  during  the  last  decade  the  de- 
population of  the  agricultural  towns  has  been  arrested,  and 
the  number  showing  lessening  population  during  that  of 
1860-70  has  been  reduced  from  one  hundred  and  eighty- 
three  to  one  hundred  and  thirty-six.”  * On  the  other  hand, 
we  find  the  numbers  of  tenant  farmers  increasing  and  the 
foreign  element  predominating.  To  assist,  then,  this  reac- 


* Walker,  “ Progress  of  New  England  Agriculture  during  the  last  Thiity  Years.” 
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tionary  wave,  and  at  the  same  time  stem  the  tide  of  foreign 
occupation,  the  farmers’  sons  must  be  educated,  and  shown 
that  there  is  profit  in  the  little  farms  dotting  the  hill-sides  of 
our  State,  and  that  it  is  for  their  advantage  to  remain  in  the 
homes  their  fathers  have  occupied  before  them.  But  the 
payment  of  $150  or  $200  by  the  average  farmer,  leaving  out 
of  the  question  the  loss  of  their  son’s  help  for  several  years, 
would  be  a very  serious  consideration ; and  help  in  the  way 
suggested,  from  the  income  of  a labor  fund,  where  one-half 
or  all  the  expenses  could  be  paid  for,  in  honest  work  by  the 
student,  would  frequently  turn  the  scale  in  favor  of  educa- 
tion. Such  a fund  would  open  up  an  opportunity  for  educa- 
tion from  which  the  youth  in  the  hill-towns  are  now  debarred. 
As  it  has  been  tersely  expressed,  “Those  living  in  large 
towns  and  cities  have  a high  school  education  offered  them 
without  price  at  their  very  doors ; while  the  youth  in  the 
small  hill-towns  have  only  the  common  school,  which,  by 
reason  of  the  poverty  of  the  town  and  the  limited  number  of 
scholars  in  each  school,  are,  to  say  the  least,  not  of  the  best. 
This  class  of  young  men  form  the  best  possible  material  for 
manhood  and  citizenship,  and  the  State  cannot  afford  to  have 
them  deprived  of  educational  facilities.” 

During  the  year  just  elapsed  there  has  been  paid  out  in 
the  agricultural  and  horticultural  departments  of  the  college 
$1,540.10  for  student  labor,  sixty  different  individuals  hav- 
ing been  thus  helped  ; and  yet  we  have  had  to  turn  away 
young  men  burning  to  acquire  an  education,  willing  to  earn 
it  by  the  labor  of  their  hands,  simply  because  there  was  not 
the  means  to  pay  for  it.  Will  not  the  great  State  of  Massa- 
chusetts, either  by  annual  appropriation  or  by  direct  estab- 
lishment of  a labor  fund,  make  such  provision  that  no  son  of 
one  of  its  citizens  need  ever  again  apply  in  vain  at  the  doors 
of  its  State  College? 

THE  WANTS  OF  THE  COLLEGE. 

These  may  be  briefly  enumerated  under  four  heads  : — 

1.  Help  to  those  in  moderate  circumstances  by  the  estab- 

lishment of  a labor  fund. 

2,  Increased  facilities  for  instruction  in  the  military  and 

chemical  departments. 
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3.  Insurance  of  the  various  buildings  belonging  to  the 

college. 

4.  Repair  and  alterations  of  several  of  the  State  buildings. 

The  first  point  has  already  been  elaborated,  and  we  pass 

to  the  second.  The  military  equipments  furnished  by  the 
State  under  Act  of  the  Legislature  of  1868  are  completely 
worn  out.  The  belts  furnished  at  that  time  were  not  new 
ones,  but  relics  of  the  war,  and  twenty  years’  of  continuous 
use  have  rendered  them  unserviceable.  A small  appro- 
priation of  $225  will  suffice  to  replace  them.  The  legislative 
appropriation  in  1885,  of  $5,500  for  the  purchase  of  appara- 
tus, was  shared  by  the  departments  of  agriculture,  chemis- 
try and  physics.  The  recitation-rooms  of  two  of  these  de- 
partments required  no  special  outlay,  the  one  being  new  and 
the  other  having  been  recently  refitted.  But  it  was  not  so 
in  the  chemical.  The  old  laboratory,  with  its  worn-out 
tables  and  appliances,  was  just  as  when  originally  built 
nearly  twenty  years  before,  and  was  almost  wholly  useless. 
It  was  a matter  of  necessity  then  to  fit  it  over  at  once,  pro- 
viding it  with  new  work  tables,  gas  jets,  water  tubing,  fume 
chambers,  etc., — all  apparatus  absolutely  indispensable  for 
practical  work.  But  this  left  nothing  to  be  applied  to  the 
purchase  of  apparatus  requisite  for  instruction  and  demon- 
stration. It  is  for  this  latter  purpose  that  an  appropriation 
of  $1,500  is  asked.  A reference  to  the  report  of  the  chemi- 
cal department,  which  will  be  found  in  the  papers  accom- 
panying, will  explain  more  in  detail  those  points  to  which 
allusion  has  been  briefly  made. 

The  question  of  insurance  is  one  calling  for  careful  con- 
sideration. The  insurance  on  seventeen  buildings,  and  the 
furniture,  apparatus,  collections,  tools,  hay  and  grain  and 
animals  contained  therein,  expires  this  year,  and  it  will  re- 
quire the  sum  of  $1,200  to  re-insure  them  fora  period  of  five 
years.  Common  prudence  demands  that  this  should  be  done 
at  once,  but  it  is  too  large  an  amount  to  be  assumed  by  the 
college  and  can  only  be  done  by  appropriation  of  the  Legis- 
lature. 

Last  we  come  to  the  subject  of  repair  and  alteration,  and 
this  item  is  one  involving  a large  expenditure.  The  State 
owns  twenty-one  buildings,  aggregating  in  value  $196,340. 
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Some  of  these  were  purchased  with  the  farm  in  1863,  others 
have  been  erected  since.  To  keep  them  in  a reasonable 
state  of  repair  requires  a yearly  outlay,  and  from  time  to  time 
extraordinary  expenses  will  inevitably  arise.  The  buildings 
requiring  immediate  attention  are  the  boarding-house,  the 
dwelling-houses  occupied  by  Professors  Walker  and  Maynard, 
the  old  laboratory  building,  North  college,  the  drill-hall,  the 
propagating  house  and  the  large  green-house.  To  put  these 
in  a proper  state  of  repair  not  less  than  $4,700  must  be 
expended.  A still  larger  amount  will  be  required  for  the  barn 
and  sheds  adjoining.  The  necessary  details  and  explana- 
tions will  be  found  in  the  report  on  the  farm,  which  1 now 
have  the  honor  to  submit : — 

THE  FARM. 

Massachusetts  Agricultural  College, 

Agricultural  Department  and  College  Farm, 

Amherst,  Mass.,  Dec.  31,  1887. 

President  H.  H.  Go odell. 

Dear  Sir  : — In  presenting  a report  of  the  operations  and  con- 
dition of  the  college  farm  for  the  year  now  closing,  statements 
and  recommendations  are  necessarily  included  which  formed  part 
of  a special  report  made  to  you  about  six  months  ago. 

In  general  management  of  the  farm,  the  plan  pursued  has  been 
that  outlined  by  me  in  the  last  annual  report  of  this  college  (pp.  40, 
41,  42).  The  area  which  may  be  regarded  as  the  farm  proper  has 
this  year  been  occupied  as  follows  : Eighty  acres  in  mowing,  which 
produced  about  150  tons  of  hay  ; 16  acres  of  corn  ; 5 acres  of  oats  ; 
3 acres  of  wheat  and  forage  crops,  for  illustration,  and  2 acres  of 
potatoes  and  roots  ; the  remainder  in  pasturage,  in  three  poorly 
fenced  fields.  Most  of  the  crops  have  been  far  below  average 
production,  and,  with  the  exception  of  the  hay,  there  have  been  no 
satisfactory  returns  for  the  labor  expended.  This  partly  resulted 
from  raising  the  crops  mainly  on  the  lot  at  the  west  end  of  the 
farm  in  process  of  reclamation,  but  more  from  the  exceptional 
climatic  conditions.  The  rainfall  during  the  last  growing  season 
has  not  been  equaled  in  Amherst  for  fifty  years.  And  the  rain 
came  at  such  intervals  and  in  such  quantities  as  to  at  least  double 
the  labor  in  the  fields  ordinarily  necessary  for  any  given  result. 
All  the  manure  made  on  the  farm,  together  with  some  procured  in 
the  village  in  exchange  for  hay,  — in  all  over  a thousand  loads, — 
has  been  applied  to  the  grass  lands.  Seventy  acres  have  been  well 
top-dressed  during  the  year,  and  cannot  fail  to  show  the  results  on 
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future  crops.  About  two  hundred  dollars’ worth  of  commercial 
fertilizers,  principally  phosphates  and  potash,  were  applied  to  the 
new  field ; eight  acres  of  this  are  already  in  good  condition  for 
seeding,  while  the  rest  requires  much  additional  labor  in  perma- 
nent improvements. 

The  change  in  the  live  stock  has  been  effected,  so  that,  instead 
of  a herd  of  Ayrshires,  grades  and  common  stock  simply  for 
milk-production,  there  are  now  illustrative  herds  of  five  breeds, 
thus  enumerated : 19  Ayrshires,  5 Guernseys,  8 Holstein-Fries- 
ians,  7 Jerseys  and  6 Shorthorns,  — a total  of  45  head,  or  one 
more  than  a year  ago.  Of  the  present  number,  10  are  males, 
some  of  these  being  for  sale.  The  cattle  floor  of  the  barn,  as  re- 
arranged, has  accommodations  for  more  than  now  carried,  but 
natural  increase  will  crowd  the  buildings  within  a year. 

The  horses  have  been  increased  to  six  by  the  recent  generous 
gift  of  Mr.  Lawson  Valentine  (“  a Christmas  present  to  my  native 
State  ”)  of  two  pure-bred  Percherons.  These  consist  of  a three- 
year-old  stallion  and  an  imported  mare,  five  years  old.  They  are 
given  with  the  understanding  that  they  are  to  be  used  both  to  im- 
prove the  stock  of  the  State  and  to  illustrate  the  principles  and 
practice  of  breeding  horses  for  draft  and  general  purposes.  Tem- 
porary accommodations  have  been  provided  for  these  valuable 
animals,  but  the  need  of  more  and  better  stabling  for  horses  is 
thus  emphasized,  and  it  is  recommended  that  measures  be  taken  at 
once  to  supply  this  want. 

The  Southdown  sheep  and  the  small  Yorkshire  swine  have 
increased  satisfactorily  and  proved  remunerative.  The  number 
kept  could  be  profitably  increased  if  room  in  the  buildings  permitted. 

This  line  of  operations  for  the  present  year  has  involved  con- 
siderable outlay  upon  which  there  is  yet  no  return,  and  it  seems 
desirable  to  now  consider  well  and  determine  whether  the  course 
indicated  shall  become  the  fixed  policy  of  the  college  farm  man- 
agement. To  that  end  I recommend  the  submission,  to  the  Board 
of  Trustees  for  adoption,  alteration  or  rejection,  of  these  definite 
propositions  : — 

1st.  That  the  primary  purpose  of  the  college  farm  is  an  efficient 
adjunct  to  the  Agricultural  Department  of  instruction  of  the  col- 
lege. 

2d.  That,  in  general,  the  farm  be  conducted  as  a stock-farm ; 
that  the  present  holding  be  regarded  as  indicating  the  nature  and 
variety  of  domestic  animals  to  be  kept,  dairy  cattle  to  predomi- 
nate ; that  most  of  the  natural  increase  be  retained  until  the  farm 
is  stocked  to  its  full  capacity ; that  surplus  live-stock  and  stock 
products  be  depended  on  for  the  chief  income  from  the  farm. 
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3d.  That  the  general  policy  of  managing  the  farming  land  shall 
be  to  hold  most  of  the  area  in  grass  and  increase  the  product  of 
hay  and  other  forage,  conforming  to  the  scheme  of  a stock-farm, 
while  at  the  same  time  cultivating,  in  limited  area,  a variety  of 
erops  for  illustration  and  instruction. 

4th.  That  a definite  system  of  land  improvement  be  adopted 
and  gradually  pursued,  the  first  work  to  be  the  reclamation  of 
seventy  acres  or  more  at  the  western  extremity  of  the  farm. 

5th.  That  so  far  as  means  and  opportunities  permit  there  be 
undertaken,  in  connection  with  the  soil,  crops  and  live-stock  of  the 
farm,  experiments  to  .test  the  practical  value,  on  a farm  basis,  of 
the  principles  and  recommendations  resulting  from  the  work  of  the 
agricultural  experiment  stations  in  this  and  other  states,  together 
with  such  original  investigations  as  may  be  suggested  by  the  special 
facilities  afforded  at  the  college  and  on  the  farm. 

Attention  is  especially  asked  to  the  fact  that  these  propositions 
singly  involve  expenditures  in  excess  of  any  probable  farm  income, 
and,  as  a wdiole,  an  amount  exceeding  the  current  resources  of  the 
college  available  for  this  purpose. 

The  largest  expenses  will  attend  the  transition  period,  which 
must  cover  two  or  three  years.  This  period  has  already  been 
entered,  and  the  heavy  balance  against  the  farm  during  the  present 
year  is  thus  partly  accounted  for.  The  fact  should  not  be  forgot- 
ten, however,  that  credit  is  due  for  an  increase  of  $2,400  in  the 
annual  farm  inventory,  and  there  should  be  a further  credit  of 
$2,000  or  more  for  what  is  known  in  England  as  “ unexhausted 
improvement  ” made  during  the  year.  More  explicit  explanations 
can  be  made  under  the  five  heads  above  proposed. 

The  first  involves  more  or  less  labor  and  materials  for  the  special 
purpose  of  instruction,  without  hope  or  intention  of  any  other  return. 

For  example  : several  bulls  are  kept,  where  farm  economy  alone 
would  require  but  one  ; wheat  and  barley  are  grown,  although 
neither  is  a really  profitable  crop,  ordinarily,  in  this  section  ; and 
manures,  made  or  bought,  may  be  applied  in  excess,  to  note  their 
action  and  results. 

The  second  involves  a continuously  large  labor  bill  for  keeping 
stables  and  animals  in  a presentable  and  attractive  condition. 
The  changes  made  in  the  character  of  the  stock  has  increased,  for 
the  time,  the  proportion  of  non-productive  animals.  Prospect- 
ively, surplus  pure-bred  stock  will  be  a source  of  considerable 
income,  but  the  present  policy  will  result  in  very  limited  sales  for 
several  years  to  come. 

The  third  and  fourth  parts  of  the  general  plan  involve  special 
expenditures  for  labor,  manures,  etc.,  largely  in  excess  of  any 
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possible  returns  at  present,  but  with  a knowledge  of  serving  well 
the  purpose  of  instruction  and  having  a reasonable  certainty  of 
future  profits.  All  such  land  improvement  necessitates  invest- 
ment, but  there  is  no  doubt  that,  within  a few  years,  acres  which 
have  until  recently  been  a useless  swamp  may  be  made  the  most 
productive  on  the  farm. 

The  fifth  proposition  recognizes  a legitimate  field  of  usefulness 
in  connection  with  instruction  and  the  relations  of  the  college  to 
the  public,  for  which  this  institution  is  peculiarly  fitted  and  which 
is  not  within  the  scope  of  the  experiment  stations.  But  the 
expenses  involved  would  require  special  provision. 

To  meet  the  extraordinary  expenses  incident  to  the  proposed 
plan  for  the  college  farm,  or  that  portion  which  seems  to  be  imme- 
diately practicable,  it  is  assumed  that  it  will  be  necessary  to  appeal 
to  the  State  Legislature  for  special  aid,  and  the  items  of  need 
should  be  specified.  The  most  important  relate  to  the  repairs  and 
additions  required  by  the  farm  buildings  and  the  land  improve- 
ment already  proposed.  The  buildings  are  old  and  out  of  repair, 
they  have  become  inadequate  for  present  wants  of  the  farm,  and 
will  yearly  be  more  so  in  its  natural  development.  Following  are 
estimates  for  the  purposes  named  : — 

For  re-roofing  the  main  barn,  repairs  of  cellar,  for  silo,  etc.,  $1,500  00 
moving,  renovating  and  enlarging  sheds  and  liorse-stables,  3,000  00 


new  fencing  for  farm-yards,  for  bull-pens,  paddocks,  etc.,  600  00 
repairs  to  dairy-room,  fittings  and  plumbing,  . . . 400  00 

painting  all  the  farm  buildings, 600  00 

power  and  machinerv  in  farm  buildings,  grinding,  cut- 
ting, etc., 800  00 

500  rods  of  fencing,  at  $1.50  per  rod,  . . . . 750  00 

500  rods  of  tile  draining,  labor  and  materials,  at  $2  a rod,  1,000  00 

extra  labor  for  other  farm  improvement,  . . . 1,000  00 

new  wagons  and  improved  tools  and  implements,  . . 850  00 


Total, $10,500  00 

With  such  special  provisions  for  the  special  needs  of  the  transi- 


tion period,  I believe  the  college  farm  can  be  gradually  brought  to 
a condition  creditable  alike  to  the  institution  and  to  the  State. 
This  does  not  contemplate  the  support  of  what  is  sometimes  called 
“ a model  farm,”  but  simply  making  this  property  serve  what  I 
conceive  to  be  its  main  aim  and  object. 

Very  respectfully,  your  obedient  servant, 

HENRY  E.  ALVORD, 

Professor  of  Agriculture  in  charge  of  the  Farm. 
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THE  EXPERIMENT  STATION. 

In  accordance  with  the  vote  of  the  Trustees,  for  the  pur- 
pose of  defining  more  clearly  the  position  and  location  of 
the  Experiment  Station  on  the  college  grounds,  the  accom- 
panying lease  was  executed,  comformable  to  the  survey 
already  made.  The  educational  influence  of  the  numerous 
scientific  investigations  and  experiments  carried  on  in  such 
close  proximity  to  the  college  cannot  fail  to  be  most 
beneficial  to  pupil  and  instructor  alike.  To  the  former,  it 
teaches  the  worth  of  careful,  patient  observation  and  tests 
repeated  again  and  again  to  ensure  perfect  accuracy,  while 
to  the  latter  it  opens  up  fresh  fields  of  study  and  investiga- 
tion and  is  a constant  stimulus  to  keep  pace  with  the  discov- 
eries made  in  the  wide  domain  of  nature. 


LEASE. 

This  Indenture  made  the  sixth  day  of  July,  A.D.  1887, — 
Witnesseth , That  the  Massachusetts  Agricultural  College,  a cor- 
poration duly  established  by  law  at  Amherst,  Mass.,  does  hereby 
lease,  demise  and  let  unto  the  Massachusetts  Agricultural  Experi- 
ment Station,  a corporation  duly  established  by  law  at  said 
Amherst,  the  following  described  tracts  of  land,  situated  in  said 
Amherst.  Bounded  and  described  as  follows,  viz.  : — 

First  tract  situated  on  east  side  of  highway  leading  from  North 
Amherst  to  Amherst  Centre.  Beginning  at  the  northwest  corner 
of  said  lot,  on  the  highway  aforesaid,  thence  north  76°  57'  east 
656  feet,  thence  north  75°  44'  east  382.5  feet,  thence  north  75°  36' 
east  221  feet,  thence  south  6°  3'  west  1,200  feet,  thence  south 
11°  47'  east  237  feet,  thence  south  73°  13'  west  150  feet,  thence 
south  77°  5'  west  486.5  feet,  thence  north  35°  5'  west  633.5  feet, 
thence  north  12°  8'  west.  780  feet,  to  point  began  at,  containing 
30.92  acres. 

Second  tract  situated  on  west  side  of  said  highway.  Bounde  d 
and  described  as  follows,  viz.  : — 

Beginning  at  the  southeast  corner  of  the  premises,  thence  run- 
ning on  said  highway  north  12°  8'  west  775  feet,  thence  north 
78°  45'  west  194.5  feet,  thence  south  13°  13'  west  16.58  feet, 
thence  south  74°  8'  west  571  feet,  thence  south  4°  56'  east  1,000 
feet,  thence  south  48°  28' east. 

Thence  south  80°  18'  east  36.5  feet,  thence  north  50°  41'  east 
347.3  feet,  thence  north  64°  15'  east  300  feet,  thence  north  63°  15' 
east  200.7  feet,  to  point  of  beginning,  containing  17.72  acres. 
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Being  same  premises  delineated  on  plan  hereto  anr : ed. 

To  hold  for  the  term  of  ninety-nine  years  from  date  ..eieof,  pay- 
ing therefor  the  nominal  rent  of  five  dollars.  Provided,  however, 
said  lessee  shall  cease  to  use  the  premises  for  the  purposes  of  an 
Experiment  Station  at  any  time  during  said  term,  then  this  lease 
shall  be  void  and  the  premises  above  described  shall  revert  at 
once  to  lessors. 

And  the  said  lessees  hereby  agree  to  pay  all  taxes,  duties  and 
assessments  and  assume  all  liabilities  of  whatever  kind  or  descrip- 
tion that  may  be  levied  thereon  during  said  term,  and  to  quit 
and  deliver  up  said  premises  at  the  end  of  said  term.  In  witness 
whereof  the  parties  have  hereunto  interchangeably  set  their  hands 
and  seals  the  day  and  date  above  written. 

The  said  Massachusetts  Agricultural  College  has  caused  its  cor- 
porate seal  to  be  hereto  affixed,  and  these  presents  to  be  signed, 
acknowledged  and  delivered  in  its  name  and  behalf  by  James  S. 
Grinnell,  duly  authorized  therefor. 

(Signed) 

MASSACHUSETTS  AGRICULTURAL  COLLEGE, 

By  James  S.  Grinnell. 

And  the  Massachusetts  Agricultural  Experiment  Station  has 
caused  its  corporate  seal  to  be  hereto  affixed,  and  these  presents 
to  be  signed,  acknowledged  and  delivered  in  its  name  and  behalf 
by  James  P.  Lynde,  duly  authorized  therefor. 

(Signed) 

MASSACHUSETTS  AGRICULTURAL  EXPERIMENT  STATION, 

By  James  P.  Lynde. 

The  above  lease  has  been  duly  signed  and  recorded  at  the 
county  seat. 


GIFTS. 

The  college  has  been  generously  remembered  during  the 
past  year,  as  the  appended  list  of  donors  will  testify,  and  its 
position  as  a factor  in  the  education  of  the  people  is  more 
and  more  widely  recognized. 


Gifts  to  the  Massachusetts  Agricultural  College  during  the  Year  1887. 

From  the  estate  of  Henry  Gassett,  of  Boston, — $1,000  for  the 
establishment  of  a Scholarship. 

Elizur  Smith,  Esq.,  of  Lee,  — $1,215  in  aid  of  a Permanent 
Library  Fund. 
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From  Lawson  Valentine,  Esq.,  of  Houghton  Farm,  Mountainville, 
N.  Y., — Percheron-Norman  stallion,  “ Haut-Ton,”  3 
years  old;  Percheron-Norman  mare,  “ Maie,”  5 years 
old  (imported). 

Hiram  Kendall  (M.  A.  C., ’76) , Providence,  R.I.,  — Rhet- 
orical prizes  for  year  1888. 

Mr.  Joseph  L.  Hills  (M.  A.  C.,  ’81),  — Collection  of  fossils 
of  South  Carolina  phosphates. 

Mrs.  Sarah  Floyd,  of  Boston,  — Collection  of  minerals. 

Mr.  A.  A.  Southwick  (M.  A.  C.,  ’75),  — Fossil  plant  from 
Taunton. 

Mr.  C.  M.  Winslow,  of  Brandon,  Vt.,  — Bull  calf,  Ayrshire. 

Mr.  Charles  Mann,  of  Methuen,  — One-grade  Jersey  heifer 
calf. 

National  Live  Stock  Journal,  Chicago,  111.,  — Horse  por- 
traits. 

Thos.  B.  Wales,  Jr.,  Iowa  City,  la.,  — Cattle  portraits. 

Messrs.  Smiths,  Powell  & Lamb,  Syracuse,  N.  Y.,  — Cattle 
portraits. 

F.  C.  Stevens,  Esq.,  of  Attica,  N.  Y.,  — Cattle  portraits. 

F.  G.  Babcock,  of  Hornellsville,  N.  Y.,  — Cattle  portraits. 

Messrs.  Merrell  & Fifield,  of  Bay  City,  Mich.,  — Cattle 
portraits. 

J.  D.  W.  French,  Esq.,  of  North  Andover, — Cattle  portraits. 

Ohio  Land  Tile  Company,  — Samples  of  Improved  Drain 
Tile. 

Ohio  Agricultural  Experiment  Station, — Collection  of 
wheats. 

W.  I.  Scott,  Bridgewater,  N.  Y.,  — Horse  hay-forks. 

Richard  Goodman,  Esq.,  of  Lenox,  — 9 vols.  Shorthorn 
Herd  Books  and  30  miscellaneous  volumes. 

Miss  II . Augusta  Barnes,  of  Dorchester,  — 8 vols.  Florist 
and  Fruitist. 

Rev.  Calvin  Stebbins,  of  Worcester,  — 12  vols.  Report  of 
Board  of  Education  of  Massachusetts. 

S.  D.  Hillman,  of  Minneapolis,  — 12  vols.  Transactions  of 
Minnesota  Horticultural  Society. 

Joseph  E.  Pond,  Jr.,  Esq.,  of  North  Attleborough,  — 7 
miscellaneous  vols.  on  Bees  ; 40  vols.  best  Bee  journals  ; 
also  model  Bee-hive,  with  full  equipments  for  illustra- 
tion. 

Samuel  B.  Green  (M.  A.  C.,  ’79),  of  Amherst,  — 60^rols. 
Littell’s  Living  Age. 


20  AGRICULTURAL  COLLEGE.  [Jan. 

From  Mr.  Edward  Norton,  of  Farmington,  Ct.,  — 1 vol.  Herd 
Register  of  American  Guernsey  Cattle  Club. 

Dr.  Austin  Peters  (M.  A.  C.,  ’81),  of  Boston, — Report  on 
epizootic  abortion  in  cows. 

Prof.  David  P.  Penhallow  (M.  A.  C.,  ’73),  of  Montreal,. 
Can.,  — Mechanism  of  movement  in  Cucurbita. 

Mr.  L.  Wolverton,  of  Grimsby,  Can.,  — 9 vols.  Report  of 
Fruit  Growers’  Association  of  Province  of  Ontario. 

Mr.  Charles  A.  Wetmore,  of  San  Francisco,  Cal., — The 
Ampelography  of  California. 

Mr.  J.  Shull,  of  Ilion,  N.  Y.,  — 10  vols.  New  York  State 
Dairyman’s  Association. 

Dr.  J.  C.  Brown,  of  Haddington,  Scotland,  — 16  vols.  on 
Forestry. 

Rev.  R.  B.  Grover  (M.  A.  C.,  ’72),  of  Boston,  — 7 vols. 
Rawlinson’s  Ancient  History. 

William  H.  Caldwell  (M.  A.  C.,  ’87),  of  Amherst, — 
Magner’s  Art  of  Taming  and  Educating  the  Horse. 

Mr.  Jeremiah  Clark,  of  Lowell,  — Benner’s  Prophecies  of 
Ups  and  Downs  in  Prices. 

Mr.  Thos.  B.  Wales,  Jr.,  of  Iowa  City,  la., — 5 vols- 
Holstein-Friesian  Herd  Book. 

Prof.  Henry  E.  Alvord,  of  Amherst,  — 12  vols.  Herd 
Register  American  Jersey  Cattle  Club  and  8 miscel- 
laneous volumes. 

Mr.  C.  M.  Winslow,  of  Brandon,  Vt.,  — Vol.  VI.  Ayrshire 
Record. 

Hon.  William  Whiting,  of  Holyoke, — 18  vols.  government 
publications. 

Mr.  S.  L.  Boardman,  of  Augusta,  Me.,  — 8 vols.  Transac- 
tions of  the  Maine  State  Pomological  Society. 

Hon.  Chas.  A.  Denny,  of  Leicester,  — 8 vols.  for  the  Young 
Men’s  Christian  Association. 

Mr.  H.  Heaton,  of  Amherst,  — Gardener’s  Monthly  and 
Horticulturist  for  1887. 

Dr.  Fredk.  Tuckerman  (M.  A.  C.,  ’78),  of  Amherst,  — 3 
vols.  on  miscellaneous  subjects. 

Hon.  John  E.  Russell,  of  Leicester,  — 16  vols.  miscel- 
laneous subjects. 

Mr.  W.  H.  Morris,  of  Indianapolis,  Ind.,  — Swine  Breeder’s- 
Journal,  1887. 

Mr.  J.  D.  W.  French,  of  North  Andover,  — Complete  set 
New  England  Farmer;  38  vols.  Cottage  Gardener;  7 
vols.  miscellaneous. 
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From  Prof.  Chas.  S.  Plumb  (M.  A.  C.,  ’82),  of  Knoxville,  Tenn., 
— 3 vols.  miscellaneous. 

Mr.  H.  C.  Adams,  of  Madison,  Wis.,  — 12  vols.  Transac- 
tions of  Wisconsin  State  Pomological  Society. 

Prof.  Chas.  H.  Fernald,  of  Amherst,  — 2 vols.,  the  Tor- 
tricidse,  and  Butterflies  of  Maine. 

Mr.  Moody  Harrington,  of  Amherst, — 11  vols.  State  pub- 
lications. 

Mr.  A.  L.  de  Almeida  (M.  A.  C.,  ’87),  of  Tres  Barras, 
Brazil,  — 1 vol.  Agassiz’s  Journey  to  Brazil. 

Mr.  F.  da  S.  Torelly  (M.  A.  C.,’87),  of  Rio  Grande  do  Sul, 
Brazil, — 2 vols.  Greeley’s  Thirty  Years’  of  Arctic  Service. 

Mr.  C.  M.  Hobbs,  of  Bridgeport,  Ind.,  — 7 vols.  Transac- 
tions Indiana  Horticultural  Society. 

Mr.  H.  Alley,  of  Wenham,  — Bee-keeper’s  Handy  Book. 

Dr.  J.  C.  Cutter  (M.  A.  C.,  ’72),  of  Warren,  — 2 vols. 
Physiology  and  Anatomy. 

Prof.  F.  A.  Gulley,  of  Agricultural  College,  Miss.,  — First 
Lectures  in  Agriculture. 

Mr.  Arthur  A.  Brigham  (M.  A.  C.,  ’78),  of  Marlborough, 
— 12  vols.  Proceedings  of  National  Grange. 

Mr.  Edgar  H.  Libby  (M.  A.  C.,  ’74),  of  New  York  city, — 
Complete  set  American  Garden. 

Also  the  following  Papers  and  Periodicals  from  the  Publishers  : — 

The  Massachusetts  Ploughman. 

The  Farmer’s  Review. 

The  American  Cultivator. 

The  American  Veterinary  Review. 

The  American  Garden. 

The  Colorado  Farmer. 

The  Poultry  Monthly. 

I have  the  honor,  in  addition  to  the  catalogue  and  cus- 
tomary report  of  the  military  department,  to  append  papers 
by  Professors  Alvord  and  Fernald  on  the  following  subjects  : 
* 4 Differences  in  Dairy  Products  ; ” “ The  Orthoptera  of  New 
England.” 

Respectfully  submitted, 

By  order  of  the  Trustees, 

HENRY  H.  GOODELL, 

President. 


Amherst,  January,  1888 
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TREASURER’S  REPORT. 


Frank  E.  Paige,  Treasurer  Massachusetts  Agricultural  College  for  the 

Year  1887. 


Received. 

Paid. 

Cash  on  hand  Jan.  1,  1887,  .... 

$3,579  29 

Term  Bill  account, 

5,294  62 

$2,464  68 

Botanical  account, 

4,723  55 

5,178  07 

F arm  account, 

3,086  89 

5,569  83 

Expense  account, 

240  07 

4,811  35 

Laboratory  account, 

800  95 

582  77 

Salary  account, 

- 

13,918  80 

Trustee  Expense  account,  .... 

- 

518  81 

Library  Fund  account, 

1,113  88 

1,113  88 

Endowment  Fund  account,  .... 

9,835  03 

- 

State  Scholarship  Fund  account, 

10,000  00 

- 

Hills  Fund  account, 

601  56 

1,443  40 

Grinnell  Prize  Fund  account,  .... 

40  00 

30  00 

Whiting  Street  Fund  account,  .... 

48  16 

260  00 

Mary  Robinson  Fund  account,  .... 

60  44 

80  00 

Gassett  Scholarship  Fund  account,  . 

1,020  00 

1,000  00 

Insurance  account, 

17  00 

858  35 

Farnsworth  Prize  account,  .... 

32  03 

Reading  Room  account, 

- 

100  00 

Extra  Instruction  account,  .... 

- 

424  09 

Advertising  account, 

- 

187  50 

North  College  Insurance  account,  . 

257  00 

126  25 

Cash  on  hand  Dec.  31,  1887,  .... 

- 

2,018  63 

$40,718  44 

$40,718  44 

Cash  Balance  as  shown  by  the  Treasurer’s  Statement, 

BELONGS  TO  THE  FOLLOWING  ACCOUNTS. 


Insurance, $1,091  80 

North  College  insurance, 130  75 

Hills  Fund, 3 30 

Gassett  Scholarship  Fund, 20  00 

Whiting  Street  Fund, 48  16 

Mary  Robinson  Fund, 203  46 

General  Funds  of  College, 521  16 

Total, $2,018  63 
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Cash  and  Bills  Receivable  Dec.  31,  1887. 

Term  Bill, 

Laboratory, 

Farm, 

Botanical, 

Cash  on  hand  belonging  to  General  Funds, 

Total, 


$590  46 
213  03 
165  00 
413  88 
521  16 

$1,903  53 


Bills  Payable  Dec.  31,  1887. 


Expense  account, $57  18 

Farm  account,  160  00 

Term  Bill, 21  60 

Extra  Instruction  account, 18  00 

Botanical  account, 48  00 

Laboratory  account, 85  31 

Advertising  account, 31  50 


Total, 


$421  59 


Value  of  Real  Estate. 


Land. 

Cost. 

College  Farm, 

$37,000  00 

Pelham  quarry, 

500  00 

Buildings. 

Cost. 

Laboratory, 

$10,360  00 

Botanic  museum, 

5,180  00 

Botanic  barn, 

1,500  00 

Durfee  plant-house  and  fixtures, . 

12,000  00 

Small  plant-house  and  fixtures,  . 

800  00 

North  college, 

36,000  00 

Boarding-house, 

8,000  00 

South  dormitory, 

37,000  00 

Graves  house  and  barn,  .... 

8,000  00 

Farm-house, 

4,000  00 

Farm  barns  and  sheds,  .... 

14,500  00 

Stone  chapel, 

31,000  00 

Drill-hall, 

6,500  00 

President’s  house, 

11,500  00 

Four  dwelling-houses  and  shed,  purchased 
with  farm, • 

10,000  00 

196,340  00 


» 


$233,840  00 
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Inventory  of  Personal  Property,  Dec 


31,  1887. 


Farm, 

Laboratory,  . 
Boarding-house,  . 

Fire  apparatus, 

Library,  . 

Natural  History  collection,  . 
Botanical  department,  . 
Physics,  . 


$10,600  00 
1,382  75 
400  00 
500  00 
5,500  00 
2,586  15 
9,936  55 
3,416  06 


$34,321  48 


Summary  Statement. 

Assets. 

Total  value  real  estate,  per  inventory,  . $233,840  00 

Total  value  personal  property,  per  inven- 
tory,   34,321  48 

Total  cash  on  hand  and  bills  receivable,  per 

inventory, 1,903  53 

$270,065  01 


Liabilities. 

Bills  payable,  as  per  inventory.  . 


$421  59 


421  59 


$269,643  42 


Funds  for  Maintenance  of  College. 
Technical  Educational  Fund,  United  States  Grant, 

Amount  of, $219,000  00 

Technical  Educational  Fund,  State  Grant,  . 141,575  35 

These  funds  are  in  the  hands  of  the  State  Treasurer.  By 
law  § of  the  income  is  paid  to  the  Treasurer  of  the  Col- 
lege, l to  Institute  of  Technology.  Amount  received 

1887,  

State  Scholarship  Fund,  $10,000.  This  sum  was  appro- 
priated by  the  Legislature,  1886,  and  is  paid  in  quar- 
terly payments  to  College  Treasurer,  .... 
Hills  Fund  of  $10,000  in  hands  of  College  Treasurer. 
This  was  given  by  L.  M.  and  H.  F.  Hills  of  Amherst. 
By  conditions  of  the  gift  the  income  is  to  be  used  for 
maintenance  of  a Botanic  Garden.  Income,  1887.  . 
Unexpended  balance  Dec.  31,  1887,  $3.30. 

Grinnell  Prize  Fund  of  $1,000,  in  hands  of  College  Treas- 
urer. Gift  of  Ex-Gov.  William  Claflin;  was  called 
Grinnell  Fund  in  honor  df  his  friend.  The  income  is 
appropriated  for  two  prizes  to  be  given  for  the  best 
examinations  in  agriculture  by  graduating  class.  In- 
come, 1887 


$9,835  03 
10,000  00 


601  56 


40  00 
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Mary  Robinson  Fund  of  $1,000  in  hands  of  College  Treas- 
urer ; given  without  conditions.  The  income  has  been 
appropriated  to  scholarships  to  worthy  and  needy  stu- 
dents. Income,  1887, $60  44 

Unexpended  balance,  Dec.  31,  1887,  $203.46. 

Whiting  Street  Fund  of  $1,000.  A bequest  without  con- 
ditions. To  this  sum  is  added  $260  by  vote  of  the 
Trustees  in  January,  1887,  it  being  the  interest  accrued 
on  the  bequest.  Amount  of  fund,  Dec.  31,  1887,  $1,260. 

Unexpended  balance  of  income,  $48.16.  Income,  1887, . 48  16 

Library  Fund,  for  use  of  library,  $4,936.87.  Deposited  in 
Amherst  Savings  Bank. 

Gassett  Scholarship  Fund  of  $1,000.  Given  by  the  Hon. 

Henry  Gassett  as  a scholarship  fund.  Unexpended 

balance,  Dec.  31,  1887, 20  00 

Income,  1887,  $20  00. 

Total  income, $20,605  19 


To  this,  should  be  added  amount  of  tuition,  room  rent,  receipts  from 
sales  of  farm  and  botanic  garden;  amount  of  same  can  be  learned 
from  statement  of  Treasurer.  Tuition  and  room  rent,  under  head  of 
Term  Bill. 

FRANK  E.  PAIGE,  Treasurer. 


Pittsfield,  Mass.,  Jan.  10,  1888. 

This  is  to  certify  that  I have  examined  the  payments  of  Fkank  E.  Paige, 
Treasurer  of  Massachusetts  Agricultural  College,  and  find  them  properly  entered 
and  accompanied  by  the  proper  vouchers. 


HENRY  COLT,  Auditor. 
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REPORT  OF  CHEMICAL  DEPARTMENT. 


President  H.  H.  Goodell. 

Sir  : — Of  the  work  performed  at  the  college,  that  portion 
is  allotted  to  the  chemical  department  which  is  primarily  des- 
ignated “Agricultural  Chemistry.”  This  in  its  narrower  sig- 
nification embraces  the  study  of  only  a few  of  the  elements 
of  matter,  such  as  experience  has  shown  to  be  indispensable 
to  the  development  of  living  forms,  whether  vegetable  or  ani- 
mal. The  study  of  these  includes  a review  of  what  is  known 
as  to  their  occurrence  in  the  original  earth’s  crust,  and  the 
surrounding  atmosphere  ; their  existence  in  the  soil,  formed 
chiefly  from  the  breaking  down  of  rocks ; their  functions  in 
plant  and  animal  organisms,  and  finally  their  return  to  in- 
organic nature. 

This  involves  a discussion  of  the  cheapest  methods  of  pro- 
viding those  elements  and  their  compounds  for  the  nutrition 
of  plants  and  animals,  or  in  other  words,  the  chemistry  of  the 
economical  production  of  crops  and  herds. 

The  study  of  chemistry  in  its  application  to  agriculture 
does  not,  of  necessity,  imply  a presentation  of  the  science  in 
a general  way.  It  would,  however,  be  almost  entirely  use- 
less to  give  such  instruction  to  persons  having  had  no 
previous  chemical  discipline.  As,  therefore,  our  students 
come  to  the  college  before  taking  this  general  study,  a course 
in  the  underlying  physical  and  chemical  laws  is  first  taken 
up.  After  this,  follows  study  in  the  chemistry  of  common 
life,  and  then  the  special  course  as  above  indicated. 

Modern  instruction  in  the  domain  of  natural  science  de- 
pends in  great  measure  for  its  efficiency  upon  object-teach- 
ing. That  which  is  stated  by  the  teacher  must  be  explained 
and  emphasized  by  reference  to  nature  herself.  Much  can 
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be  learned  by  simple  observation ; far  more,  very  often,  by 
studying  an  experiment  or  an  artificial  demonstration.  That 
which  is  exhibited  by  nature,  only  at  rare  times  and  in  re- 
mote localities,  may  thus  be  forced  to  the  attention  of  the 
student  under  circumstances  best  suited  to  produce  lasting 
etfect. 

Instruction  in  chemistry,  as  a branch  of  natural  science,  is 
of  little  value  to  any  student  unless  imparted  with  aid  of 
ample  demonstration  and  experiment.  That  which  might  be 
given  without  such  aid  could  not  be  said  to  belong  to  modern 
methods,  and  indeed  could  not  be  a teaching  of  science  in  its 
present  advancement.  The  student  who  has  watched  the 
progress  of  a completed  practical  operation,  whether  carried 
out  as  demonstration  of  the  truth  of  a theory  or  as  explana- 
tion of  a process  of  manufacture  or  analysis,  carries  away 
from  the  exercise  more  enduring,  more  effective,  knowledge 
than  he  who  has  simply  listened  to  the  best  possible  verbal 
description. 

During  the  last  twenty  years  both  the  knowledge  of  nature 
and  methods  of  teaching  have  greatly  improved.  Now  a 
clearer  and  more  extensive  understanding  of  chemistry  is 
demanded,  and  should  be  imparted  ; this  necessitates,  how- 
ever, improved  aids  in  teaching.  An  equipment  quite  suf- 
ficient to  meet  the  needs  of  twenty  years  ago  would  be 
altogether  inadequate  now.  Satisfactory  work  can  be  ac- 
complished only  in  a lecture-room  and  laboratory  well  sup- 
plied with  properly  selected  apparatus. 

The  present  provisions  of  this  department  are  in  this 
important  respect  far  from  what  they  should  be.  At  the 
opening  of  the  college,  twenty  years  ago,  the  important 
question  being  to  start  at  once,  the  needs  for  teaching  were 
supplied  in  the  simplest  and  quickest  manner.  A part  of 
the  old  chapel  building  was  fitted  up,  with  the  least  possible 
outlay,  for  chemical  instruction.  Inexpensive  laboratory- 
tables  and  a very  limited  supply  of  the  usual  apparatus  were 
provided.  These  tables  had  by  last  year  become  so  dilapi- 
dated and  inconvenient  that  they  were  replaced  by  new  ones, 
fitted  up  with  the  appliances  of  a modern  laboratory.  This 
improvement  has  been  most  thoroughly  appreciated, and  has 
added  materially  to  the  usefulness  of  the  instruction  given. 


28  AGRICULTURAL  COLLEGE.  [Jan. 

The  remainder  of  the  outfit  of  the  department  is  still  in  a 
much  depleted  condition. 

As  the  original  apparatus  has  long  been  used  without 
being  replenished,  it  has  become  largely  worn  out  and  use- 
less. Apparatus  for  use  in  teaching  special  methods  in 
analysis  is  not  only  wanted,  but  is  absolutely  necessary,  in 
order  to  bring  the  department  up  to  a proper  state  of  ef- 
ficiency. A collection  of  chemical  preparations  and  natural 
specimens  for  class  illustration  has  gradually  been  made.  It 
consists  of  such  material  as  could  be  most  cheaply  obtained, 
and  it  illustrates  many  subjects  quite  fully,  but  important 
additions  are  necessary  for  daily  use.  Already  the  space 
provided  for  exhibition  of  this  material  has  become  too 
small.  Cases  and  bottles  are  needed  for  holding  it. 

It  is  earnestly  recommended  that  $1,500  be  appropriated 
for  supplying  the  needs  indicated. 

$550  for  lecture  apparatus.  , 

$150  for  apparatus  for  special  methods  in  analysis. 

$300  for  re-agents  and  re-agent  bottles. 

$150  for  collection  specimens. 

$350  for  collection  cases  and  bottles. 

These  amounts  are  regarded  as  the  lowest  practicable  with 
good  work.  An  expenditure  of  $2,000  or  $2,500  would 
yield  direct  return,  for  that  amount  could  be  immediately 
invested  in  apparatus  of  everyday  requirement. 

Most  respectfully, 

CHARLES  WELLINGTON, 

Associate  Professor  of  Chemistry. 
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REPOET  OF  MILITARY  DEPARTMENT. 


Amherst,  Mass.,  Dec.  31,  1887 

H.  H.  Goodell,  President  Mass.  Agricultural  College , Amherst , Mass . 

Sir  : — In  submitting  my  annual  report,  I deem  it  im- 
portant at  this  time  to  enter  more  fully  into  the  details  of 
the  department  than  usual,  owing  to  the  fact  that  there 
seems  to  be  in  some  quarters  a misunderstanding  as  to  the 
work  and  the  bearing  it  has  upon  the  future  of  the  graduates. 
The  cadets  represent  all  classes  of  the  community,  and  are 
not,  as  many  believe,  drawn  entirely  from  the  farming  class. 
Their  ages  vary  between  fifteen  and  twenty-four,  and  they 
differ  as  much  in  stature  as  they  do  in  age.  I found  that  it 
was  of  great  importance  that  they  should  be  uniformed  as 
soon  as  possible,  and  with  this  in  view  the  requirements 
published  in  the  annual  catalogue  were  changed  so  as  to  re- 
quire the  cadet  to  provide  himself  with  a uniform  as  soon 
after  entering  as  possible.  It  was  found  necessary  to  make 
this  change,  as  the  preliminary  exercises  are  taught  much 
more  rapidly  and  with  greater  comfort  to  the  Freshmen  in 
uniform  than  in  citizen’s  dress.  The  drill  of  the  Freshman 
class  for  the  first  two  months  of  the  course  is  confined  to  the 
setting-up  drill,  or,  in  other  words,  to  correcting  any  physi- 
cal defects  that  may  detract  from  the  appearance  or  in  any 
way  retard  the  growth  or  development  of  the  student.  In 
no  case  is  a musket  put  in  the  hands  of  a student  until  he 
has  been  taught  thoroughly  how  to  carry  himself  and  present 
that  appearance  that  marks  the  well  set-up  man.  As  soon 
as  arms  are  issued  to  the  recruits,  they  are  taught  in  squads 
of  four  men  each  how  to  handle  the  piece,  great  care  being 
taken  to  see  that  the  person  is  not  deranged  or  the  correct 
soldierly  bearing  disturbed.  To  this  end  the  cadet  is  never 
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kept  in  one  position  long  enough  to  fatigue  him,  and  if  at 
any  time  he  is  found  not  strong  enough  for  this  work  the 
musket  is  taken  away  from  him  and  not  restored  until  such 
time  as  he  can  bear  it  without  fatigue.  The  remark  is  some- 
times made  that  the  musket  is  the  cause  of  making  young 
men  carry  one  shoulder  lower  than  the  other,  thereby  in- 
juring the  appearance  and  preventing  a proper  development. 
I have  found  many  young  men  with  this  defect  before  they 
attempted  to  bear  arms,  but  I know  of  no  case  where  mili- 
tary training  has  had  that  effect  upon  cadets.  The  cadet 
rifle  used  at  the  college  weighs  about  eight  pounds,  and  can 
be  carried  with  perfect  ease  by  any  young  man  who  has  re- 
ceived the  preliminary  training  that  follows  his  entrance 
into  college.  As  soon  as  the  cadet  becomes  familiar  with 
the  piece,  the  marching  drill  follows,  and  there  is  probably 
more  difficulty  found  at  this  time  than  at  any  other  period 
in  the  instruction  of  the  beginner.  The  shuffling  gait,  the 
scrubbing  of  the  heels  on  the  ground,  turning  in  the  toes, 
carrying  the  head  inclined  too  far  to  the  front,  are  defects  to 
be  corrected,  and,  when  once  pointed  out  to  the  man,  soon 
disappear.  Young  men  take  great  interest  in  any  exercise 
that  is  sure  to  improve  their  personal  appearance,  especially 
if  in  uniform,  as  it  is  in  that  dress  that  a correct  physical 
bearing  attracts  the  most  attention.  As  soon  as  the  Fresh- 
man class  has  learned  to  march  and  bear  arms,  the  organ- 
ization of  the  companies  and  the  battalion  follows,  and 
thereafter  the  classes  are  mingled  and  class  distinction  dis- 
appears. During  the  time  occupied  in  fitting  the  Freshmen 
to  take  their  places  in  the  company  and  battalion,  the  Sopho- 
mores are  engaged  in  standing  gun  drill.  It  is  in  this  drill, 
that  the  strength  of  the  men  and  their  alertness  are  brought 
into  play.  The  piece  weighs  about  twelve  hundred  pounds, 
and  but  a few  seconds  are  allowed  to  change  it  from  one 
position  to  another.  Every  muscle  in  their  bodies  is  brought 
into  action,  and  at  the  same  time  they  are  called  upon  to 
exercise  their  intelligence  in  order  that  the  drill  may  be 
executed  with  the  precision  and  celerity  required. 

I know  of  no  more  healthful  and  beneficial  exercise  to  build 
up  a man  physically  than  the  mechanical  manoeuvers  of  a 
light  battery  ; and  the  ease  with  which  these  heavy  pieces  are 
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handled,  after  the  gun  detachments  are  properly  trained, 
attracts  the  greatest  interest  at  the  commencement  exercises. 
The  Junior  class  during  the  fall  term  is  engaged  in  skirmish 
drill  and  target  practice.  Both  these  drills  tend  to  develop 
the  individual  qualities  of  the  cadets  and  teaches  them  self 
reliance  and  independence.  Target  practice  which  has  here- 
tofore been  voluntary,  and  took  place  after  the  Saturday 
morning  inspection,  I thought  of  so  much  importance  that  I 
have  made  it  part  of  the  regular  drill,  and  detailed  the 
Junior  class  for  that  work,  requiring  them  to  spend  that 
hour  at  the  target.  The  importance  of  this  exercise  cannot 
be  over-estimated,  and  the  improvement  satisfies  me  that  the 
change  will  prove  beneficial  to  all.  It  educates  the  eye, 
steadies  the  muscles  and  gives  that  perfect  reliance  on  the 
rifie  that  made  the  sharpshooters  so  important  during  the 
last  war.  In  fact  every  army  in  the  world  is  devoting  a 
large  part  of  its  time  to  target  practice,  and  the  general  and 
state  governments  encourage  the  militia  to  perfect  them- 
selves in  this  most  important  part  of  a soldier’s  education.  On 
the  skirmish  line,  which  closely  resembles  the  line  of  battle 
of  the  future,  the  cadet  is  taught  to  believe  that  to  indi- 
vidual effort  and  self-reliance  is  to  be  attributed  the  success 
of  his  party,  and  this  feeling  of  independence  and  reliance  on 
the  arm  he  has  in  his  hands  is  fostered  throughout  his 
military  training.  Every  graduate  is  fitted  to  take  the 
position  of  an  officer  in  any  State  military  organization,  and 
fill  the  position  with  honor  to  himself  and  the  State.  In 
order  that  they  may  have  that  practice  that  is  necessary  to 
fit  them  for  these  positions,  I require  the  Seniors  to  hold 
themselves  in  readiness  at  all  times  to  take  command  of  the 
companies  or  battalion,  and  drill  in  any  of  the  prescribed 
exercises.  In  fact,  every  drill  that  takes  place  is  com- 
manded by  a cadet,  and  when  they  leave  the  college  they 
are  trained  officers,  whose  knowledge  will  be  invaluable  in 
time  of  need.  During  all  the  autumn  exercises,  the  cadets 
are  drilled  by  classes,  and  the  officers  and  non-commis- 
sioned officers  are  changed  each  week  from  one  class  to 
another,  thereby  giving  each  of  them  an  opportunity  to 
become  familiar  with  all  the  drills.  The  commandant  is 
present  at  all  drills,  but  merely  acts  as  supervisor,  requiring 
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the  upper-class  men  to  do  all  the  drilling.  About  the  first 
of  December  the  companies  are  formed  for  permanent  or- 
ganization and  are  thereafter  known  as  such  a captain’s 
company,  the  captain  being  held  responsible  for  the  drill 
and  discipline  of  the  company  as  well  as  the  appearance  of 
his  men.  He  is  required  to  see  that  not  only  are  the  pri- 
vates of  his  company  well  instructed,  but  that  the  officers 
are  capable  of  drilling  the  company  in  all  the  prescribed 
drills,  and  that  the  non-commissioned  officers  are  conver- 
sant with  all  their  duties.  All  exercises  take  place  on  the 
parade-ground  whenever  the  weather  will  permit,  but  about 
the  first  of  December  the  battalion  is  far  enough  advanced 
to  begin  the  bayonet  and  sabre  exercises.  The  same  rules 
govern  the  instruction  in  these  drills -as  in  all  others,  that  is 
dividing  up  the  companies  into  squads  of  four  men  each  and 
assigning  an  upper-class  man  as  instructor.  This  continues 
until  the  cadets  are  far  enough  advanced  to  be  drilled  in  larger 
bodies,  when  the  captains  take  charge  and  perfect  the  drill. 
As  an  athletic  exercise  the  bayonet  and  sabre  drill  is  unequaled. 
It  trains  the  cadets  to  defend  themselves  with  a military 
weapon  and  at  the  same  time  develops  the  body,  physically, 
in  a most  satisfactory  manner.  About  ninety  per  cent,  of 
the  cadets  live  in  the  two  large  dormitories  provided  by«the 
college,  and  I would  suggest  that  an  effort  be  made  by  the 
college  authorities  to  have  all  the  students  live  in  these 
buildings.  They  are  admirably  equipped  for  the  purpose 
and  are  directly  under  the  supervision  of  the  officer  in 
charge  of  this  department,  who  makes  frequent  inspections 
of  all  parts  of  the  buildings.  Every  room  occupied  by  a 
cadet  is  thoroughly  inspected  every  Saturday  morning  im- 
mediately after  chapel  exercises.  The  cadets  appear  in  full 
uniform,  and  cleanliness  and  order  is  impressed  upon  them 
by  carefully  examining  their  surroundings.  I consider  these 
weekly  inspections  a very  important  part  of  the  military  exer- 
cises, and  the  effect  upon  the  cadets  and  their  rooms  satis- 
fies me  that  it  would  be  well  to  bring  all  under  this  influence. 

The  above  is  a brief  statement  of  the  practical  work  done 
by  the  cadets  under  arms.  The  work  is  continuous  during 
the  college  year,  and  the  improvement,  physically,  is  every 
day  apparent  to  a close  observer.  The  first  year  of  military 
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training  usually  banishes  any  physical  defect  that  the  cadet 
may  have  brought  in  with  him,  and  the  round-shouldered, 
narrow-chested  man  soon  develops  into  a figure  that  prom- 
ises longer  life  and  greater  usefulness,  both  to  himself  and  ' 
the  State,  than  could  have  been  hoped  for  under  any  other 
physical  training. 

The  theoretical  training  of  the  two  lower  classes  is  con- 
fined to  artillery  and  infantry  tactics.  All  movements  of 
the  company  and  battalion  are  explained  on  the  blackboard, 
and  each  cadet  is  made  to  understand  so  thoroughly  that  he 
is  able  to  teach  the  drill  to  the  incoming  classes.  In  fact, 
the  instructor  keeps  constantly  in  view  the  idea  that  the 
cadets  are  fitting  themselves  as  teachers,  and  they  must  not 
only  know  the  tactics  but  be  able  to  teach  them  to  others. 
Up  to  the  present  college  year,  Field  Fortifications  and  Art 
and  Science  of  War  were  used  as  text-books  by  the  Senior 
class,  but  I felt  that  some  course  should  be  adopted  that 
would  give  the  students  a more  intimate  acquaintance  with 
the  actual  requirements  of  an  officer  in  service.  With 
the  approval  of  the  president  of  the  college,  I therefore 
adopted  Hamilton’s  Elementary  Principles  connected  with 
the  Art  and  Science  of  War,  and  have  found  it  to  be  all  that 
could  be  desired  as  a text-book  for  this  purpose.  The 
student  is  made  acquainted  with  the  manner  of  accounting 
for  government  property,  for  which  all  commanding  officers 
are  responsible ; the  manner  of  making  out  the  numerous 
papers  that  pertain  to  companies  and  regiments  ; the  ration- 
ing and  clothing  of  troops ; military  ceremonies,  marches, 
guards  and  parades  ; the  construction  of  field  and  permanent 
fortifications  ; the  manufacturing  and  use  of  explosives  ; and, 
in  fact,  everything  that  would  aid  him  in  organizing  and 
fitting  a company  or  regiment  to  take  the  field  for  active 
service.  The  commissioned  officers  are  made  from  the  mem- 
bers of  the  Senior  class,  and  the  rule  I adopted  when  I first 
took  charge  of  the  battalion,  of  placing  the  entire  instruc- 
tion in  their  hands,  is  continued  with  gratifying  results. 
The  feeling  of  responsibility  that  accompanies  the  command- 
ing of  troops  is  felt  by  them  to  a certain  extent,  and  their 
interest  in  the  matter  is  increased  as  they  see  the  marks  of 
improvement  in  their  own  work. 
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The  necessity  of  some  kind  of  physical  training  in  all 
institutions  of  learning  is  acknowledged  by  all,  and  the 
gymnasium  is  probably  the  best  form  of  giving  this  instruc- 
tion that  can  be  found  for  the  general  purpose  for  which  it 
is  required.  But  in  comparing  the  results  of  military  train- 
ing with  that  of  the  gymnasium  I am  led  to  believe  that  a 
greater  number  of  students  are  benefited  by  military  train- 
ing than  by  the  work  done  in  the  gymnasium,  as  far  as  I 
have  seen  it.  Those  students  who  enter  the  college  with 
well-developed  figures,  and  are  fond  of  athletic  exercises, 
take  advantage  of  the  gymnasium  and  perfect  themselves 
in  this  direction,  in  order  that  they  may  represent  their 
college  on  the  athletic  field.  But  a large  number  of 
the  students  have  little  desire  to  compete  in  these  sports, 
knowing  their  inferiority,  physically,  to  their  more  favored 
companions,  and  feeling  that  it  would  be  impossible  to 
make  athletes  of  themselves,  they  spend  as  little  time  as 
possible  over  the  matter.  It  is  with  this  class  that  the 
military  instructor  is  most  interested.  From  the  day  that 
the  student  reports  to  the  college  for  duty,  he  is  brought 
directly  under  the  eye  of  the  officer  in  charge,  and  his 
defects,  physically,  if  he  has  any,  are  constantly  kept  be- 
fore him,  and  must  in  the  end,  yield  to  this  kind  of  treat- 
ment. He  cannot  escape  from  this  duty,  and  the  only  way 
out  of  it,  is  to  correct  the  defects  that  are  pointed  out  to  him, 
and  when  he  presents  the  properly  set-up  figure  he  ceases  to 
receive  that  attention  that  was  probably  very  unpleasant  to 
him  at  first.  The  uniform  that  he  wears  is  a constant  incen- 
tive to  him  to  correct  these  faults,  and  the  desire  to  appear 
well  is  in  itself  sufficient  to  keep  him  watchful  in  this  regard. 
It  is  of  great  importance  that  the  student  should  present  a 
well  set-up  and  well-developed  figure,  and  frequently  this 
has  great  weight  in  deciding  a man’s  occupation  in  life.  All 
other  things  being  equal,  a man  with  a well-developed  figure 
will  be  preferred  to  him  who  is  less  fortunate  in  this  respect ; 
and  without  a strong  physical  development,  no  man  can  hope 
to  succeed  in  many  of  the  positions  of  life  that  are  worth 
struggling  for.  But  the  military  education  of  the  cadet 
does  not  stop  with  his  physical  development.  The  army 
regulations  require  that  officers  should  be  courteous  and 
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polite  to  each  other,  and  so  conduct  themselves  as  to  be  an 
example  of  what  is  proper  to  those  whom  they  command. 
These  principles  apply  to  all  the  students  of  the  college 
whenever  they  appear  in  uniform,  and  have  great  weight  in 
forming  their  characters. 

It  is  the  policy  of  the  government  to  educate  a certain 
number  of  young  men  of  the  country  as  officers,  capable  of 
commanding  companies  or  regiments  of  militia  in  case  of 
necessity,  and  I think  there  is  no  doubt  of  the  wisdom 
of  this  movement  in  view  of  our  experience  during  the  last 
war.  There  is  no  trouble  in  recruiting  soldiers  whenever 
they  are  required,  but  the  difficulty  of  finding  officers  capable 
of  organizing  and  commanding  these  men  is  the  greatest  the 
government  has  to  contend  with.  The  officers  educated  at 
the  National  Academy  at  West  Point  are  not  a numerous 
body,  and  when  volunteers  are  called  into  the  field,  if 
officers  are  not  found  to  command  them,  then  they  must  be 
educated  in  the  face  of  the  enemy,  which  in  our  last  war  was 
found  to  be  very  expensive,  and  prolonged  the  war  unneces- 
sarily. It  is  to  be  hoped  that  such  a contingency  will  not 
happen  again  ; but  it  is  always  the  unexpected  that  happens, 
and  I firmly  believe  that  it  is  sound  policy  to  make  some 
preparation  for  it  at  this  time.  And  finally,  I believe  that 
the  instruction  given  in  this  department  benefits  the  student 
in  whatever  walk  of  life  he  may  choose,  and  his  usefulness  is 
greatly  increased.  He  is  better  fitted  to  take  his  place  among 
men  for  the  reason  that  he  knows  what  obedience  means, 
and  while  obeying,  he  knows  how  to  command.  He  is  an 
available  factor  for  the  government  when  in  need,  and  his 
knowledge,  patriotism  and  loyalty  is  a guarantee  that  means 
a great  deal  to  the  State. 

I have  the  honor  to  submit  the  following  as  the  battalion 
organization  : 

Commissioned  Staff. 

First  Lieutenant  and  Adjutant — B.  Luther  Shimer. 

First  Lieutenant  and  Quartermaster — E.  H.  Dickinson. 

Non-Commissioned  Staff. 

Sergeant  Major — C.  E.  Bliss. 

Quartermaster  Sergeant — F.  R.  Huse. 
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Company  A. 

Captain  — G.  E.  Newman. 

First  Lieutenant — S.  II.  Field. 

Second  Lieutenant  — R.  B.  Moore. 

First  Sergeant  — B.  L.  Hartwell. 

Duty  Sergeant — H.  E.  Woodbury. 

Corporal — W.  A.  Kellogg. 

Company  B. 

Captain  — T.  Rice. 

First  Lieutenant  — F.  F.  Noyes. 

Second  Lieutenant  — F.  H.  Foster. 

First  Sergeant  — A.  M.  Nourse. 

Duty  Sergeant — D.  L.  Hubbard. 

Corporal  — C.  S.  Crocker. 

Company  C. 

Captain  — A.  I.  Hayward. 

First  Lieutenant — E.  E.  Knapp. 

Second  Lieutenant  — L.  F.  Kinney. 

First  Sergeant  — J.  R.  Blair. 

Duty  Sergeant — F.  W.  Davis. 

Corporal — C.  A.  Whitney. 

Respectfully  submitted, 

GEO.  E.  SAGE, 

First  Lieutenant  5th  Artillery. 
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CALENDAR  FOR  1888-89. 


1888. 

January  4, ^Wednesday,  winter  term  begins,  at  8.15  a.m. 

March  23,  Friday,  winter  term  closes,  at  10.30  a.m. 

April  3,  Tuesday,  spring  term  begins,  at  8.15  a.m. 

f Baccalaureate  Sermon. 

June  17,  Sunday,  < 

^Address  before  the  Christian  Union. 

r Grinnell  Prize  Examination  of  the  Senior 

Class  in  Agriculture. 

Military  Exercises. 

Kendall  Prize  Speaking. 

Commencement  Exercises. 

Alumni  Dinner. 


June  18,  Monday,  < 


June  19,  Tuesday, 


Meeting  of  Trustees. 


^President’s  Reception. 

June  20,  Wednesday,  Examinations  for  admission,  at  9 a.m., 
Botanic  Museum. 

September  4,  Tuesday,  Examinations  for  admission,  at  9 a.m., 
Botanic  Museum. 

September  5,  Wednesday,  fall  term  begins,  at  8.15  a.m. 

December  14,  Friday,  fall  term  closes,  at  10.30  a.m. 


1889. 

January  2,  Wednesday,  winter  term  begins,  at  8.15  a.m. 
March  22,  Friday,  winter  term  closes,  at  10.30  a.m. 
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THE  CORPORATION. 


Terra  expires- 

DANIEL  NEEDHAM,  of  Groton,  . . . . . 1889 

JAMES  DRAPER,  of  Worcester,  . . . . 1889 

*HENRY  S.  HYDE,  of  Springfield,  . . . 1890 

PHINEAS  STEDMAN,  of  Chicopee,  . ..  . 1890 

JAMES  S.  GRINNELL,  of  Greenfield,  . . . 1891 

JOSEPH  A.  HARWOOD,  of  Littleton,  . . . 1891 

WILLIAM  H.  BOWKER,  of  Boston,  . . . 1892 

ARTHUR  A.  BRIGHAM,  of  Marlborough,  . . 1892 

THOMAS  P.  ROOT,  of  Barre,  ....  1893 

J.  HOWE  DEMOND,  of  Northampton,  . . . 1893 

FRANCIS  H.  APPLETON,  of  Peabody,  . . . 1894 

WILLIAM  WHEELER,  of  Concord,  . . . 1894 

ELIJAH  W.  WOOD,  of  Newton,  ....  1895  ' 

GEORGE  A.  MARDEN,  of  Lowell,  . . . 1895 


Members  Ex-Officio. 

His  Excellency  Governor  OLIVER  AMES,  President  of  the 
Corporation . 

HENRY  H.  GOODELL,  President  of  the  College. 

JOHN  W.  DICKINSON,  Secretary  of  the  Board  of  Education. 
WILLIAM  R.  SESSIONS,  Secretary  of  the  Board  of  Agriculture^ 


JAMES  S.  GRINNELL,  of  Greenfield, 
Vice-President  of  the  Corporation. 


WILLIAM  R.  SESSIONS,  of  Hampden,  Secretary. 


FRANK  E.  PAIGE,  of  Amherst,  Treasurer. 


HENRY  COLT,  of  Pittsfield,  Auditor. 
* Vice  Henry  Colt,  of  Pittsfield,  deceased  Jan.  16,  1888. 
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Committee  on  Finance  and  Buildings.  * 

JAMES  S.  GRINNELL,  HENRY  COLT, 

J.  HOWE  DEMOND,  GEORGE  A.  MARDEN, 

DANIEL  NEEDHAM,  Chairman . 


Committee  on  Course  of  Study  and  Faculty.  * 

WILLIAM  H.  BOWKER,  WILLIAM  WHEELER, 

FRANCIS  H.  APPLETON,  JOSEPH  A.  HARWOOD, 

THOMAS  P.  ROOT,  Chairman. 


Committee  on  Farm  and  Horticultural  Departments.  * 

PHINEAS  STEDMAN,  ELIJAH  W.  WOOD, 

ARTHUR  A.  BRIGHAM,  JAMES  DRAPER, 

WILLIAM  R.  SESSIONS,  Chairman. 


Board  of  Overseers. 

THE  STATE  BOARD  OF  AGRICULTURE. 


Examining  Committee  of  Overseers. 


YELOROUS  TAFT, 
DANIEL  E.  DAMON,  . 
ATKINSON  C.  VARNUM, 
HENRY  L.  WHITING,  . 
SAMUEL  B.  BIRD, 

JOEL  H.  GODDARD,  . 


of  Upton, 
of  Plymouth, 
of  Lowell, 
of  West  Tisbury. 
of  Framingham, 
of  Barre. 


The  Faculty. 

HENRY  H.  GOODELL,  M.  A.,  President .. 
Professor  of  Modern  Languages  and  English  Literature. 

LEVI  STOCKBRIDGE, 

Professor  of  Agriculture , Honorary. 

CHARLES  A.  GOESSMANN,  Ph.  D., 
Professor  of  Chemistry. 


* The  President  of  the  College  is  ex-officio  a member  of  each  of  the  above  com- 
mittees. 
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SAMUEL  T.  MAYNARD,  B.  Sc., 

Professor  of  Botany  and  Horticulture. 

CLARENCE  D.  WARNER,  B.  Sc., 

Professor  of  Mathematics  and  Physics. 

CHARLES  WELLINGTON,  Ph.  D., 

Associate  Professor  of  Chemistry. 

HENRY  E.  ALYORD,  C.  E., 

Professor  of  Agriculture. 

CHARLES  H.  FERNALD,  Ph.  D., 

Professor  of  Zoology  and  Lecturer  on  Veterinary  Science. 

Rev.  CHARLES  S.  WALKER,  Ph.  D.,  College  Pastor. 
Professor  of  Mental  and  Political  Science. 

GEORGE  E.  SAGE,  1st  Lt.  5th  Art.,  U.  S.  A., 
Professor  of  Military  Science  and  Tactics. 

ROBERT  W.  LYMAN,  LL.  B., 

Lecturer  on  Farm  Law. 

JOHN  W.  LANE,  M.  A., 

Instructor  in  Elocution. 

HENRY  H.  GOODELL,  M.  A.,  Librarian. 


Graduates  of  1887.  * 


Almeida,  Augusto  Luis  de  (Boston  Univ.),  . 

Barrett,  Edward  William  (Boston  Univ.),  . 
Caldwell,  William  Hutson  (Boston  Univ.),  . 
Carpenter,  Frank  Berton,  . 

Chase,  William  Edward  (Boston  Univ.),  . 

Davis,  Fred  Augustus, 

Fisherdick,  Cyrus  Webster  (Boston  Univ.),  . 
Flint,  Edward  Rawson  (Boston  Univ.),  • . 

Fowler,  Fred  Homer, 

Howe,  Clinton  Samuel,  . 


Tres  Barras,  Bananal  de 
Sao  Paulo,  Brazil. 
Milford. 

Peterborough,  N.  H. 
Leyden. 

Warwick. 

Lynn. 

Palmer. 

Boston. 

North  Hadley. 
Marlborough. 


* The  Annual  Report,  being  made  in  January,  necessarily  includes  parts  of  two 
academic  years ; and  the  catalogue  bears  the  names  of  such  students  as  have  been 
connected  with  the  college  during  any  portion  of  the  year  1887. 
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Marsh,  James  Morrill  (Boston  Univ.), 

Lynn. 

Marshall,  Charles  Leancler  (Boston  Univ.), 

Lowell. 

Meehan,  Thomas  Francis  Benedict  (Boston 

Univ.), 

Boston. 

Osterhout,  J.  Clark  (Boston  Univ.), 

Lowell. 

Richardson,  Evan  Fussell  (Boston  Univ.),  . 

Millis. 

Rideout,  Henry  Norman  Waymouth,  . 

Quincy. 

Telman,  William  Nichols,  .... 

Concord. 

Torelly,  Firmino  da  Silva  (Boston  Univ.),  . 

Rio  Grande  do  Sul,  Brazil 

Watson,  Charles  Herbert  (Boston  Univ.),  . 

Groton. 

Total, 

19 

Senior  Class. 

Belden,  Edward  Henry,  .... 

North  Hatfield. 

Bliss,  Herbert  Charles,  .... 

Attleborough. 

Brooks,  Frederick  Kimball,  .... 

Haverhill. 

Cooley,  Fred  Smith, 

Sunderland. 

Cutler,  George  W ashington, 

Waltham. 

Dickinson,  Edwin  Harris,  .... 

North  Amherst. 

Dole,  Edward  Johnson,  .... 

Chicopee. 

Field,  Samuel  Hall,  ...... 

North  Hatfield. 

Foster,  Francis  Homer,  .... 

Andover. 

Hayward,  Albert  Irving,  .... 

Ashby. 

Holt,  Jonathan  Edward,  .... 

Andover. 

Kinney,  Lorenzo  Foster,  .... 

AVorcester. 

Knapp,  Edw  ard  Everett,  .... 

Glenwood. 

Mishima,  Yataro, 

Tokio,  Japan. 

Moore,  Robert  Bostwick,  .... 

Framingham. 

Newman,  George  Edward,  .... 

Newbury. 

Noyes,  Frank  Frederick,  . . . 

South  Hingham. 

Parsons,  Wilfred  Atherton,  .... 

Southampton. 

Rice,  Thomas,  2d, 

Shrewsbury. 

Shepardson,  William  Martin, 

Warwick. 

Shinier,  Boyer  Luther, 

Redington,  Pa. 

Total, 

21 

Junior  Class. 

' 

Adams,  George  Albert,  .... 

AATnchendon. 

Alger,  Isaac,  Jr., 

Attleborough. 

Blair,  James  Roswell, 

Warren. 

Bliss,  Clinton  Edwin, 

Attleborough. 

Col  cord,  Wallace  Rodman,  .... 

Dover. 

Copeland,  Arthur  Davis,  .... 

Campello. 

Crocker,  Charles  Stoughton, 

Sunderland. 

Davis,  Franklin  Ware,  . . 

Tam  worth,  N.  H. 

Hartwell,  Burt  Laws, 

Littleton. 

Hubbard,  Dwight  Lauson,  .... 

Amherst. 
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Huse,  Frederick  Robinson,  . 
Hutchings,  James  Tyler, 

Kellogg1,  William  Adams, 

OO’ 

Miles,  Arthur  Lincoln,  .... 
North,  Mark  Newell,  . 

Okami,  Yoshiji, 

Sellew,  Robert  Pease,  .... 
Whitney,  Charles  Albion, 

Total, 

Sophomore 

Alger,  George  Ward,  . 

Barry,  David,  .... 
Braman,  Samuel  Noyes, 

Castro,  Arthur  de  Moraes  e, . 

Coburn,  Oscar  Bennett, 

Dickinson,  Dwight  Ward, 

Felton,  Truman  Page,  . 

Frost,  William  Lawrence, 

Fuller,  Edward  Abijah, 

Goddard,  George  Andrew,  . 

Gregory,  Edgar,  .... 
Hallet,  Charles  Warren, 

Haskins,  Henry  Darwin, 

Herrero,  Jose  Maria, 

Jones,  Charles  Howland, 

Loring,  John  Samuel,  . 

McCloud,  Albert  Carpenter, . 
Maynard,  John  Bowen, 

Mossman,  Fred  Way,  . 

Nourse,  Arthur  Merriam, 

Pearson,  George  G owing, 

Plumb,  Frank  Herbert, 

Russell,  Fred  Newton,  . 

Russell,  Henry  Lincoln, 

Simonds,  George  Bradley,  . 

Smith,  Frederic  Jason,  . 

Stillings,  Levi  Chamberlain, 

Stowe,  Arthur  Nelson,  . 

Stratton,  Eddie  Nathan, 

Taft,  W alter  Edward,  . 

Taylor,  Fred  Leon, 

Thayer,  Bernard,  .... 
West,  John  Sherman,  . 

Whitcomb,  Nahum  Harwood, 
Williams,  Arthur  Sanderson, 
Williams,  Frank  Oliver, 

Woodbury,  Herbert  El  well,  . 

Total, 


. Winchester. 

. Amherst. 

. North  Amherst.  ‘ 

. Rutland. 

. Somerville. 

. Tokio,  Japan. 

. East  Longmeadow. 

. Upton. 

18 

Class. 

. West  Bridgewater. 

. Southwiek. 

. Wayland. 

. Juizde  Fora,  Minas,  Brazil. 
. Weston. 

. Amherst. 

. Berlin. 

. Boston. 

. North  Andover. 

. Turner’s  Falls. 

. Marblehead. 

. Yarmouthport. 

. North  Amherst. 

. Jovcllanos,  Cuba. 

. Downer’s  Grove,  111. 

. Shrewsbury. 

. Amherst. 

. Northampton. 

. Westminster. 

. Westborough. 

. Reading. 

. Westfield. 

. Sunderland. 

. Sunderland. 

. Ashby. 

. North  Hadley. 

. Medford. 

. Hudson. 

. Marlborough. 

. Dedham. 

. Amherst. 

. Randolph. 

. Belchertown. 

. Littleton. 

. Sunderland. 

. Sunderland. 

. Gloucester. 
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Freshman  Class. 


Arnold,  F rank  Luman,  . 
Belden,  Allan  Montgomery, . 
Bush,  Edward, 

Brown,  Walter  Augustus,  . 
Carpenter,  Malcolm  Austin, . 
Davenport,  Alfred  Mortimer, 
DuBois,  Cornelius  Mcllvaine, 
Eames,  Aldice  Gould,  . 

Felt,  Ephraim  Porter,  . 

Field,  Henry  John, 

Gay,  Willard  Weston,  . 
Horner,  Louis  Frederic, 

Hull,  Henry  Banks, 

Hull,  John  Byron, 

Hurley,  Michael  Edward, 
Johnson,  Charles  Henry, 
Legate,  Howard  Newton, 
Paige,  Walter  Cary, 

Palmer,  Herbert  Walter, 
Phillips,  John  Edward  Stanton, 
Pond,  William  Hollis,  . 
Richards,  George  Erwin, 
Ruggles,  Murray, 

Russell,  Edward  Elias, . 
Sanderson,  Harry  Tilson, 
Sawyer,  Arthur  Henry, 

Shores,  Harvey  Towl,  . 

Tuttle,  Henry  Fessenden, 
Wood,  Augustus  Roswell,  . 
Total,  .... 


. . Belchertown. 

. East  Whately. 

. Boston. 

. . Feeding  Hills. 

. Leyden. 

. . Mt.  Auburn. 

. Keene  Valley,  N.  Y. 

. . North  Wilmington. 

. Nortliborough. 

. Leverett. 

. . Georgetown. 

. Newton  Highlands. 

. Westport,  Conn. 

. . Stockbridge. 

. Amherst. 

. Prescott. 

. Sunderland. 

. Amherst. 

. Littleton. 

. . Brooklyn,  Conn. 

. . North  Attleborough. 

. Foxborough. 

. . Milton. 

. Petersham. 

. . Leicester. 

. Sterling. 

. West  Bridgewater. 

. Westport,  Conn. 

. Central  Village. 
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Hesident  Graduates  at  the  College  and  Experiment  Station. 

Allen,  B.  Sc.,  Edwin  West  (Boston  Univ.), . Amherst. 

Caldwell,  B.  Sc.,  William  Hutson, 

Carpenter,  B.  Sc.,  Frank  Berton,  . 

Flint,  B.  Sc.,  Edward  Rawson  (Boston  Univ.) , 

Green,  B.  Sc.,  Samuel  Bowdlear  (Boston 

Univ.), 

Phelps,  B.  Sc.,  Charles  Shepard  (Boston 

Univ.), 

Turnbull,  Ernest  Hathaway  (Univ.  of  New 

Brunswick) 

Wheeler, B.  Sc.,  Homer  Jay  (Boston  Univ.), 

Total, 


Peterborough,  N.  H. 
Leyden. 

Boston. 

Amherst. 

Florence. 

St.  John,  N.  B. 
Bolton. 
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Summary. 

Resident  Graduates, 8 

Graduates  of  1887, 19 

Senior  Class, 21 

Junior  Class, 18 

Sophomore  Class, 37 

Freshman  Class, 29 

Total,  ...  132 
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Junior  Year. 


Afternoon  exercises. 
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SCHEDULE  OF  TEEM  EXERCISES. 


8.15  A.M. 
8.80  a.m. 

10.30  A.M. 
2.00  p.m. 

4.15  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  p.m. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 

1.45  P.M. 

2.45  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  P.M. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  P.M. 
2.00  p.m. 


FALL  TERM. 

General  Exercises. 

Chapel. 

Inspection  of  rooms,  Sat. 

Church,  Sun. 

Rhetoricals,  W. 

Drill,  M.,  W.,  F. 

Class  Exercises. 

Senior. 

Comparative  Anatomy. 

Chemistry,  M.,  T.,  W.,  Th. 

Chemistry,  M.,  T.,  W.,  Th. ; Military  Science,  F. 

Mental  Science. 

Live  Stock,  M.,  T.,*Th.,  F. 

Composition,  W. 

Junior. 

Mechanics,  M.,  T.,  W. ; Farm  Implements,  Th.,  F. 
Rhetoric. 

Zoology  (Lab.)  M.,  T.,  W.,  Th. 

Zoology  (Lab.)  M.,  T.,  W.,  Th. 

Market  Gardening,  M.,  T.,  Th.,  F. 

Market  Gardening,  T.,  Th. 

Sophomore. 

French. 

Botany. 

Soils. 

Trigonometry,  M.,  T.,  W.,  Th. ; Military,  F.  (half  term). 
Geology,  M.,  T.,  Th.,  F. 

Composition,  W. 

Freshman. 

Chemistry. 

Climatology,  M.,  T. ; Latin,  W.,  Th.,  F. 

Algebra. 

Botany. 

Declamation,  F. 

Composition,  W. 
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8.15  A.M. 
8.30  A.M. 
10.30  A.M. 

2.00  p.m. 

4.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  p.m. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  P.M. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  p.m. 
2.00  p.m. 


8.15  A.M. 
8.30  a.m. 

10.30  a.m. 
2.00  p.m. 

4.15  p.m. 


AGRICULTURAL  COLLEGE. 


WINTER  TERM. 

General  Exercises. 

Chapel. 

Inspection  of  rooms,  Sat. 

Church,  Sun. 

Rhetoricals,  W. 

Drill,  M.,  W.,  F. 

Class  Exercises. 

Senior. 

Chemistry,  M.,  T.,  W. 

Dairy  Farming,  M.,  T.,  W. ; Meteorology,  Th.,  F. 
Veterinary  Science,  T.,  W.,  Th.,  F. ; Military  Science,  M. 
Political  Economy. 

Debate,  W. 


Junior. 

English  Literature. 

Chemistry  (Lab.). 

Chemistry  (Lab.). 

Agriculture,  M.,  T. ; Zoology,  W.,  Th.,  F. 
Physics,  M.,  T.,  Th.,  F. 

Composition,  W. 


Sophomore. 

Human  Anatomy  and  Physiology. 

French. 

Mixed  Farming,  M.,  T. ; Mechanical  Drawing,  W.,  Th.,  F. 
Mechanical  Drawing,  Th.,  F. ; Mensuration,  M.,  T.,  W. 
Botany  (Lab.),  M.,  T.,  Th.,  F. 

Composition,  W. 

Freshman. 

Free-hand  Drawing,  M.,  T.,  W. 

Free-hand  Drawing,  M.,  T.,  W. ; Agriculture,  Th.,  F. 
Algebra  and  Geometry. 

Latin,  T.,  W.,  Th.,  F. ; Military,  M.  (half  term). 

Metals,  M,  T.,  Th.,  F. 

Composition,  W. 


SPRING  TERM. 
General  Exercises. 

Chapel. 

Inspection  of  rooms,  Sat. 

Church,  Sun. 

Rhetoricals,  W. 

Drill,  M.,  W.,  F. 
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8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
2.00  P.M. 


8.30  A.M. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 

1.45  p.m. 

2.45  p.m. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 

1.45  p.m. 

2.45  p.m. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  p.m. 
2.00  p.m. 


Class  Exercises. 

Senior. 

Agricultural  Review,  M.,  T.,  W. 

Geology,  W.,  Th.,  F. ; Military  Science,  M. 
Constitutional  History. 

Chemical  Industries,  M.,  T.,  W. 
Composition,  W. 


Junior. 

English  Literature,  M.,  T.,  W.,  Th. ; Special  Crops,  F. 
Chemistry  (Lab.). 

Physics  (first  six  weeks)  ; Entomology  (last  four  weeks). 
Entomology. 

Forestry,  etc.,  M.,  T.,  Th.,  F. 

Forestry,  etc.,  T.,  Th. 

Composition,  W. 

Sophomore. 

Horticulture,  M.,  T.,  W.,  Th. 

Horticulture,  M.,  T.,  W.,  Th. 

French. 

Fertilizers. 

Surveying,  M.,  T.,  Th.,  F. 

Surveying,  M.,  T.,  Th. 

Composition,  W. 


Freshman. 

Geometry,  M.,  T.,  W. ; Mineralogy,  Th.,  F. 
Latin. 

Agriculture. 

Botany. 

Mineralogy,  M.,  T. 

Composition,  W. 
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TEXT  BOOKS. 

Barnard  — “ Talks  about  tlie  Weather.” 

Packard — “ Manual  of  Book-keeping.” 

Morton  — “ Soil  of  the  Farm.” 

Gregory  — u Fertilizers.” 

Miles  — “ Stock-breeding.” 

Gray — u Manual  of  Botany.” 

Bessey  — “ Botany  for  High  Schools  and  Colleges.” 

Fuller — “ Practical  Forestry.” 

Maynard — “ Practical  Fruit-Grower.” 

Scott  — “ Rural  Homes.” 

Ayery — 1 1 Elements  of  Chemistry.” 

Wills  — “ Tables  for  Qualitative  Chemical  Analysis/’ 
Wheeler  — “ Medical  Chemistry.” 

Dana  — “ Manual  of  Mineralogy  and  Lithology.” 

Brush  — “ Determinative  Mineralogy  and  Blow-pipe.” 

Guyot  — u Physical  Geography.” 

Wells  — “ University  Algebra.” 

Wentworth  — “ Geometry.” 

W ells  — “ Trigonometry.” 

Warner  — “ Mensuration.” 

Davies — “ Surveying.” 

Dana  — Mechanics.” 

Atkinson-Ganot  — “ Physics.” 

Loomis  — “ Meteorology.” 

Harkness  — “ Latin  Grammar  and  New  Reader.” 

Whitney  — “ French  Grammar.” 

Genung  — “ Practical  Elements  of  Rhetoric.” 

Kellogg — “ English  Literature.” 

Porter  — “ Elements  of  Intellectual  Science.” 

Walker — “ Political  Economy.” 

Macy  — “ Our  Government.” 

White — “ Progressive  Art  Studies.”  Elementary  and  Instru- 
mental. 

To  give  not  only  a practical,  but  a liberal  education  is  the  aim 
in  each  department ; and  the  several  courses  have  been  so  arranged 
as  to  best  subserve  that  end.  Weekly  exercises  in  composition 
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and  declamation  are  held  throughout  the  course.  The  instruction 
in  agriculture  and  horticulture  is  both  theoretical  and  practical. 
A certain  amount  of  labor  is  required  of  each  student,  and  the 
lessons  of  the  recitation-room  are  practically  enforced  in  the 
garden  and  field.  Students  are  allowed  to  work  for  wages  during 
such  leisure  hours  as  are  at  their  disposal.  Under  the  act  by 
which  the  college  was  founded,  instruction  in  military  tactics  is 
made  imperative  ; and  each  student,  unless  physically  debarred, 
is  required  to  attend  such  exercises  as  are  prescribed,  under  the 
direction  of  a regular  army  officer  stationed  at  the  college. 


ADMISSION. 

Candidates  for  admission  to  the  Freshman  Class  are  examined, 
orally  and  in  writing,  upon  the  following  subjects  : English  Gram- 
mar, Geography,  Arithmetic,  Algebra  to  quadratic  equations,  the 
Metric  System,  and  the  History  of  the  United  States. 

Candidates  for  higher  standing  are  examined  as  above,  and  also 
in  the  studies  gone  over  by  the  class  to  which  they  may  desire  ad- 
mission. 

No  one  can  be  admitted  to  the  college  until  he  is  fifteen  years  of 
age.  Every  applicant  is  required  to  furnish  a certificate  of  good 
character  from  his  late  pastor  or  teacher.  Candidates  are  re- 
quested to  furnish  the  Examining  Committee  with  their  standing 
in  the  schools  they  have  last  attended.  The  previous  rank  of  the 
candidate  will  be  considered  in  admitting  him.  The  regular  ex- 
aminations for  admission  are  held  at  the  Botanic  Museum,  at  nine 
o’clock  a.m.,  on  Wednesday,  June  20,  and  on  Tuesday,  September 
4 ; but  candidates  may  be  examined  and  admitted  at  any  other  time 
in  the  year. 


DEGREES. 

Those  who  complete  the  course  receive  the  degree  of  Bachelor 
of  Science,  the  diploma  being  signed  by  the  Governor  of  Massa- 
chusetts, who  is  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application,  be- 
come members  of  Boston  University,  and  upon  graduation  receive 
its  diploma  in  addition  to  that  of  the  college,  thereby  becoming 
entitled  to  all  the  privileges  of  its  alumni. 
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EXPENSES. 


Tuition  in  advance  — 


Fall  term, 

Winter  term, 

Summer  term, 

§30  00 
25  00 

25  00  $80  00 

$80  00 

Room  rent,  in  advance,  §5.00  to  $16.00  per 
term, 

15  00 

48  00 

Board,  §2.50  to  $5.00  per  week, 

95  00 

190  00 

Fuel,  $5.00  to  $15.00  per  year,  . 

5 00 

15  00 

Washing,  30  to  60  cents  per  week,  . 

11  40 

22  80 

Military  suit, 

17  75 

17  75 

Expense  per  year, 

§224  15 

§373  55 

Board  in  clubs  has  been  two  dollars  and  fifty  cents  per  week  ; at 
the  college  boarding-house,  three  dollars  and  fifty  cents  ; in  private 
families,  four  to  five  dollars.  The  military  suit  must  be  obtained 
immediately  upon  entrance  at  college,  and  used  in  the  drill  exer- 
cises prescribed.  For  the  use  of  the  laboratory  in  practical  chem- 
istry there  will  be  a charge  of  ten  dollars  per  term  used.  Some 
expense  will  also  be  incurred  for  lights  and  for  text-books. 
Students  whose  homes  are  within  the  State  of  Massachusetts  can 
in  most  cases  obtain  a scholarship  by  applying  to  the  senator  of 
the  district  in  which  they  live.  The  outlay  of  money  can  be 
further  reduced  by  work  during  leisure  hours  on  the  farm  or  in  the 
botanic  department.  Applications  should  be  made  to  the  profes- 
sors in  charge  of  said  departments.  The  opportunities  for  work 
are  more  abundant  during  the  fall  and  summer  terms. 


SIZE  OF  ROOMS. 

For  the  information  of  those  desiring  to  carpet  then.'  rooms,  the 
following  measurements  are  given : In  the  new  south  dormitory, 
the  study-rooms  are  about  fifteen  by  fourteen  feet,  with  a recess 
seven  feet  four  inches  by  three  feet ; and  the  bedrooms  are  eleven 
feet  two  inches  by  eight  feet  five  inches.  This  building  is  heated 
by  steam.  In  the  north  dormitory,  the  corner  rooms  are  fourteen 
by  fifteen  feet,  and  the  annexed  bedrooms  eight  by  ten  feet.  The 
inside  rooms  are  thirteen  feet  and  a half  by  fourteen  feet  and  a 
half,  and  the  bedrooms  eight  by  eight  feet.  A coal-stove  is 
furnished  with  each  room. 
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SCHOLARSHIPS. 

Established  by  Private  Individuals. 

Mary  Robinson  Fund  of  one  thousand  dollars,  the  bequest  of  Miss 
Mary  Robinson  of  Medfield. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
Whiting  Street,  Esq.,  of  Northampton. 

Henry  Gassett  Fund  of  one  thousand  dollars,  the  bequest  of  Henry 
Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 


CONGRESSIONAL  SCHOLARSHIPS. 

The  trustees  voted  in  January,  1878,  to  establish  one  free  schol- 
arship for  each  of  the  congressional  districts  of  the  State.  Appli- 
cations for  such  scholarships  should  be  made  to  the  representative 
from  the  district  to  which  the  applicant  belongs.  The  selection 
for  these  scholarships  will  be  determined  as  each  member  of  Con- 
gress may  prefer ; but,  where  several  applications  are  sent  in  from 
the  same  district,  a competitive  examination  would  seem  to  be 
desirable.  Applicants  should  be  good  scholars,  of  vigorous  con- 
stitution, and  should  enter  college  with  the  intention  of  remaining 
through  the  course,  and  then  engaging  in  some  pursuit  connected 
with  agriculture. 


STATE  SCHOLARSHIPS. 

The  Legislature  of  1883  passed  'the  following  Resolve  in  favor 
of  the  Massachusetts  Agricultural  College  : — 

Resolved , That  there  shall  be  paid  annually,  for  the  term  of  four 
years,  from  the  treasury  of  the  Commonwealth  to  the  treasurer  of  the 
Massachusetts  Agricultural  College,  the  sum  of  ten  thousand  dollars,  to 
enable  the  trustees  of  said  college  to  provide,  for  the  students  of  said 
institution,  the  theoretical  and  practical  education  required  by  its  charter 
and  the  law  of  the  United  States  relating  thereto. 

Resolved , That  annually,  for  the  term  of  four  years,  eighty  free  schol- 
arships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Com- 


54 


AGRICULTURAL  COLLEGE. 


[Jan. 


monwealth,  after  a competitive  examination,  under  rules  prescribed  by 
the  president  of  the  college,  at  such  time  and  place  as  the  senator  then 
in  office  from  each  district  shall  designate ; and  the  said  scholarships 
shall  be  assigned  equally  to  each  senatorial  district.  But,  if  there  shall 
be  less  than  two  successful  applicants  for  scholarships  from  any  sena- 
torial district,  such  scholarships  may  be  distributed  by  the  president  of 
the  college  equally  among  the  other  districts,  as  nearly  as  possible  ; but 
no  applicant  shall  be  entitled  to  a scholarship  unless  he  shall  pass  an 
examination  in  accordance  with  the  rules  to  be  established  as  hereinbe- 
fore provided. 

The  Legislature  of  1886  passed  the  following  Resolve,  making 
perpetual  the  scholarships  established  : — 

Resolved , That  annually  the  scholarships  established  by  chapter  forty- 
six  of  the  Resolves  of  the  year  eighteen  hundred  and  eighty-three  be 
given  and  continued  in  accordance  with  the  provisions  of  said  chapter. 

In  accordance  with  these  resolves,  any  one  desiring  admission 
to  the  college  can  apply  to  the  senator  of  his  district  for  a scholar- 
ship. Blank  forms  of  application  will  be  furnished  by  the  presi- 
dent. 


EQUIPMENT. 

Agricultural  Department. 

For  the  equipment  of  this  department,  see  the  Farm  Report, 
page  13. 

Botanical  Department. 

Botanic  Museum.  — This  contains  the  Ivnowlton  Herbarium, 
consisting  of  over  ten  thousand  species  of  plants  from  nearly  all 
parts  of  the  world ; a collection  of  models  of  nearly  all  of  the 
leading  varieties  of  apples  and  pears  ; a large  collection  of  speci- 
mens of  wood,  cut  so  as  to  show  their  individual  structure  ; nu- 
merous models  of  tropical  and  other  fruits  ; specimens  of  abnormal 
and  peculiar  forms  of  stems,  fruits,  vegetables,  etc.  ; many  inter- 
esting specimens  of  unnatural  growths  of  trees  and  plants,  natural 
grafts,  etc.  ; together  with  many  specimens  and  models,  prepared 
for  illustrating  the  growth  and  structure  of  plants,  and  including 
a model  of  the  “ giant  squash,”  which  raised  by  its  expansive 
force  the  enormous  weight  of  five  thousand  pounds. 

The  Botanic  Recitation-Room,  in  the  same  building,  is  provided 
with  three  thousand  diagrams  and  charts  illustrating  structural 
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and  systematic  botany  ; also  nine  compound  microscopes  of  R.  B. 
Tolies’  make,  with  objectives,  ranging  from  four  inch  to  one-eighth 
inch  focal  length.  In  the  study  of  structural  botany,  the  students 
become  familiar  with  the  use  of  the  compound  microscope,  and 
see  the  objects  studied  for  themselves,  special  attention  being 
given  to  the  practical  study  of  the  structure  and  growth  of  the 
common  plants,  cultivated  in  the  greenhouse,  garden,  or  on  the 
farm. 

Conservatories.  — The  Durfee  Conservatory,  the  gift  of  the 
Hon.  Nathan  Durfee,  and  the  adjoining  propagating  house,  the 
gift  of  the  Hon.  William  Knowlton,  contain  a large  collection  of 
plants  especially  adapted  to  illustrate  the  principles  of  structural, 
systematic,  and  economic  botany,  together  with  all  the  leading 
plants  used  for  house  culture,  cut  flowers,  and  out-door  ornamenta- 
tion. Here  instruction  is  given  in  methods  of  propagation,  culti- 
vation, training,  varieties,  etc.,  by  actual  practice,  each  student 
being  expected  to  do  all  the  different  kinds  of  work  in  this 
department.  These  houses  are  open  at  all  times  to  the  public  and 
students,  who  may  watch  the  progress  of  growth  and  methods  of 
cultivation. 

Fruits. — The  orchards,  of  ten  to  fifteen  acres,  contain  all  the 
standard  varieties  of  apples,  pears,  peaches,  plums,  cherries,  etc., 
in  bearing  condition.  Several  acres  of  small  fruits  are  also  grown 
for  the  markets.  The  vineyard,  of  one  and  one-lialf  acres,  con- 
tains from  thirty  to  forty  varieties  of  fully  tested  kinds  of  grapes. 
New  varieties  of  all  the  above  fruits  are  planted  in  experimental 
plats,  where  their  merits  are  fully  tested.  All  varieties  of  fruits, 
together  with  the  ornamental  trees,  shrubs,  and  plants,  are  dis- 
tinctly labelled,  so  that  students  and  visitors  may  readily  study 
their  characteristics.  Methods  of  planting,  training,  pruning,  cul- 
tivation, study  of  varieties,  gathering  and  packing  of  fruits,  etc., 
are  taught  by  field  exercises,  the  students  doing  a large  part  of  the 
work  in  this  department. 

Nursery.  — This  contains  more  than  twenty-five  thousand  trees, 
shrubs,  and  vines  in  various  stages  of  growth,  where  the  various 
methods  of  propagating  by  cuttings,  layers,  budding,  grafting, 
pruning,  and  training  of  young  trees  are  practically  taught  to  the 
students. 

Garden. — All  kinds  of  garden  and  farm-garden  crops  are 
grown  in  this  department  for  market,  furnishing  ample  illustration 
of  the  treatment  of  all  market-garden  crops,  special  attention  being 
given  to  the  selection  of  varieties  and  the  growth  of  seed.  The 
income  from  the  sales  of  trees,  plants,  flowers,  fruits,  and  vege- 
tables aids  materially  in  the  support  of  the  department,  and 
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furnishes  illustrations  of  the  methods  of  business,  with  which  all 
students  are  expected  to  become  familiar. 

Forestry.  — Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery ; and  plantations  have  been  made  upon  the 
college  grounds  and  on  private  property  in  the  vicinity,  in  various 
stages  of  growth,  affording  good  examples  of  this  most  important 
subject.  A large  grove  in  all  stages  of  growth  is  connected  with 
this  department,  where  the  methods  of  pruning  forest  trees  and 
the  management  and  preservation  of  forests  can  be  illustrated. 

Natural  History  Department. 

The  department  of  zoology  is  well  supplied  with  microscopes 
and  accessories  necessary  for  the  study  of  the  lower  forms  of  life 
and  the  tissue  of  the  higher  animals.  The  State  collection  of 
specimens  illustrating  the  natural  history  of  Massachusetts  has 
been  put  on  exhibition  in  the  new  cabinet,  and  is  valuable  for  pur- 
poses of  instruction.  To  this  has  recently  been  added  a collection 
of  skeletons,  models,  and  stuffed  animals,  purchased  from  Prof. 
H.  A.  Ward,  and  a fine  collection  of  corals  presented  by  the 
Museum  of  Comparative  Zoology  of  Cambridge. 

Mathematical  Department. 

The  instruction  embraces  pure  mathematics,  civil  engineering, 
mechanics,  and  physics.  For  civil  engineering  there  is  an  Eck- 
hold’s  omnimeter,  a solar  compass,  an  engineer’s  transit,  a sur- 
veyor’s transit,  two  common  compasses,  two  levels,  a sextant;  four 
chains,  three  levelling  rods,  and  such  other  incidental  apparatus 
as  is  necessary  for  practical  field  work.  For  mechanics  there  is  a 
full  set  of  mechanical  powers,  and  a good  collection  of  apparatus 
for  illustration  in  hydrostatics,  hydro-dynamics,  and  pneumatics. 
For  physics,  the  apparatus  is  amply  sufficient  for  illustrating  the 
general  principles  of  sound,  heat,  light,  and  electricity.  Adjacent 
to  a commodious  lecture-room  are  a battery-room  and  the  physical 
cabinet,  to  which  latter  has  been  lately  added  much  valuable  appa- 
ratus. 

Chemical  Department. 

This  department  has  charge  of  instruction  in  general,  agricult- 
ural, and  analytical  chemistry,  and,  at  present,  of  that  in  mineral- 
ogy and  chemical  geology.  For  demonstration  and  practical  work 
in  these  subjects,  the  department  is  equipped  as  follows  : — 

For  general  chemistry,  the  lecture-room  contains  a series  of 
thirty  wall  charts,  illustrative  of  chemical  processes  on  the  large 
scale,  a series  of  seven  wall  charts  showing  the  composition  of 
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food  materials,  and  a collection  of  apparatus  for  demonstration  on 
the  lecture  table.  For  agricultural  chemistry  there  is  on  hand  a 
good  typical  collection  of  raw  and  manufactured  materials,  illus- 
trating fertilization  of  crops  and  the  manufacture  of  fertilizers,  a 
partial  collection  of  grains  and  other  articles  of  foods,  and  of  their 
proximate  constituents.  For  analytical  chemistry  there  is  a labo- 
ratory for  beginners,  in  a capacious  room,  well  lighted  and  venti- 
lated, and  furnished  with  fifty-two  working  tables,  each  table  being 
provided  with  sets  of  reagents,  wet  and  dry,  a fume  chamber, 
water,  gas,  drawer,  and  locker,  the  whole  arranged  on  an  improved 
plan  ; a laboratory  for  advanced  students,  with  eight  tables,  and 
provided  with  gas,  water,  fume  chambers,  drying  baths,  furnaces, 
two  Becker  analytical  balances,  and  incidental  apparatus.  Both 
laboratories  are  supplied  with  collections  of  natural  and  artificial 
products  used  in  analytical  practice.  For  instruction  in  mineral- 
ogy, use  is  made  of  the  larger  chemical  laboratory.  A small 
collection  of  cabinet  specimens,  and  a collection  of  rough  speci- 
mens for  work  in  determinative  mineralogy  serve  for  practical 
study.  For  instruction  in  chemical  geology,  the  laboratory  pos- 
sesses a collection  of  typical  cabinet  specimens. 

Library. 

This  now  numbers  sixty-four  hundred  and  eighty-five  volumes, 
having  been  increased  during  the  year,  by  gift  and  purchase,  nine 
hundred  and  eighty-five  volumes.  It  has  been  moved  into  the  new 
library  building,  and  is  made  available  to  the  general  student  for 
reference  or  investigation.  It  is  especially  valuable  as  a library 
of  reference,  and  no  pains  will  be  spared  to  make  it  complete  in 
the  departments  of  agriculture,  horticulture,  and  botany,  and  the 
natural  sciences.  It  is  open  a portion  of  each  day  for  consulta- 
tion, and  an  hour  every  evening  for  the  drawing  of  books. 


PRIZES. 

Rhetorical  Prizes. 

The  prizes  heretofore  offered  by  Isaac  D.  Farnsworth,  Esq., 
will  this  year  be  given  by  Hiram  Kendall  of  the  class  of  1876. 
These  prizes  are  awarded  for  excellence  in  declamation,  and  are 
open  to  competition,  under  certain  restrictions,  to  members  of  the 
Sophomore  and  Freshman  classes. 
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Grinnell  Agricultural  Prizes. 

Hon.  William  Claflin  of  Boston  lias  given  the  sum  of  one  thou- 
sand dollars  for  the  endowment  of  a first  prize  and  a second  prize, 
to  be  called  the  Grinnell  Agricultural  Prizes,  in  honor  of  Geo.  B. 
Grinnell,  Esq.,  of  New'  York.  These  prizes  are  to  be  paid  in 
cash  to  those  two  members  of  the  graduating  class  who  may  pass 
the  best  oral  and  written  examination  in  theoretical  and  practical 
agriculture. 

Hills  Botanical  Prizes. 

For  the  best  herbarium  collected  by  a member  of  the  class  of 
1887,  a prize  of  fifteen  dollars  is  offered,  and  for  the  second  best 
a prize  of  ten  dollars  ; also,  a prize  of  five  dollars  for  the  best  col- 
lection of  woods,  and  a prize  of  five  dollars  for  the  best  collection 
of  dried  plants  from  the  college  farm. 

The  Clark  Prize.* 

A prize  of  thirty  dollars  is  offered  annually  for  excellence  in 
human  anatomy  and  physiology,  as  exhibited  in  a written  exami- 
nation, and  will  be  awarded  to  the  writer  judged  worthy  of  such 
distinction.  The  prize  is  named  in  memory  of  the  late  Henry 
James  Clark,  the  eminent  biologist,  who  was  the  first  professor  of 
natural  history  at  the  college. 


The  prizes  in  June,  1887,  were  awarded  as  follows  : — 

Kendall  Rhetorical  Prizes.  — 1.  Arthur  M.  Nourse  of  West- 
borough,  class  of  1890  ; 2 Herbert  E.  Woodbury  of  Gloucester, 
class  of  1890.  1.  Levi  C.  Stillings  of  Medford,  class  of  1891  ; 

2.  Nahum  II.  Whitcomb  of  Littleton,  class  of  1891. 

Grinnell  Agricultural  Prizes.  — 1.  William  H.  Caldwell  of 
Peterborough,  N.  H.,  class  of  1887  ; 2.  Charles  L.  Marshall  of 
Lowell,  class  of  1887. 

Hills  Botanical  Prizes.  — 1.  Charles  L.  Marshall  of  Lowell, 
class  of  1887  ; Fred  H.  Fowler  of  North  Hadley,  class  of  1887. 

Clark  Prize.  — David  Barry  of  Southwick,  class  of  1890. 


RELIGIOUS  SERVICES. 

Students  are  required  to  attend  prayers  every  week  day  at  8.15 
a.m.,  and  public  worship  in  the  chapel  every  Sunday  at  10.30 
a.m.,  unless,  by  request  of  their  parents,  arrangements  are  made 


1888.]  PUBLIC  DOCUMENT  — No.  31. 


59 


to  attend  divine  service  elsewhere.  Further  opportunities  for 
moral  and  religious  culture  are  afforded  by  a Bible  class  taught  at 
the  close  of  the  Sunday  morning  service,  and  by  religious  meetings 
held  on  Sunday  afternoon  and  during  the  week,  under  the  auspices 
of  the  Young  Men’s  Christian  Union. 


LOCATION. 

Amherst  is  on  the  New  London  Northern  Railroad,  connecting 
at  Palmer  with  the  Boston  and  Albany  Railroad,  and  at  Miller’s 
Falls  with  the  Fitchburg  Railroad.  It  is  also  on  the  Central 
Massachusetts  Railroad,  connecting  at  Northampton  with  the  Con- 
necticut River  Railroad  and  with  the  New  Haven  and  Northamp- 
ton Railroad. 

The  college  buildings  are  on  a healthful  site,  commanding  one 
of  the  finest  views  in  New  England.  The  large  farm  of  three 
hundred  and  eighty- three  acres,  with  its  varied  surface  and  native 
forests,  gives  the  student  the  freedom  and  the  quiet  of  a country 
home. 
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DIFFERENCES  IN  DAIRY  PRODUCTS. 


By  HENRY  E.  ALVORD. 


Milk  is  a fluid,  and  has  been  so  regarded  from  time  immemorial. 
It  has  been  bought  and  sold  by  liquid  measure.  And  in  referring 
to  the  use  of  milk  it  is  ordinarily  spoken  of  as  a fluid.  We  say 
commonly  that  we  drink  milk,  and  rarely  speak  of  eating  it.  Yet 
milk  is  food  rather  than  drink.  It  is  the  perfect  food  provided  by 
Nature  for  the  young  of  the  most  important  grand  division  of  the 
animal  kingdom.  And  we  know  it  is  largely  consumed  as  food  by 
human  beings  of  all  ages.  It  is,  then,  as  a food  that  milk,  and 
chiefly  the  milk  of  the  cow,  is  so  conspicuous  in  commerce  and  in 
domestic  economy.  But  our  first  idea  of  human  food  is  a solid 
substance  ; and  although  some  food  appears  in  a liquid  form,  it  is 
valued  for  the  solid  matter  it  contains.  Milk  is  no  exception.  It 
is  a fluid  because  largely  composed  of  water ; but  all  its  other 
constituent  parts  are  solids,  and  they  are  what  give  milk  its  food 
value.  Some  of  these  constituents,  the  curd  or  caseine,  the 
sugar  and  the  salts  or  mineral  matter,  are  dissolved  in  water ; 
other  parts,  the  fats,  are  in  semi-solid  particles,  held  in  suspen- 
sion in  the  fluid,  causing  the  opaque  appearance.  So  milk  is  at 
once  a solution  and  an  emulsion.  (By  “ emulsion,”  a word  itself 
meaning  milk-like,  we  intend  to  describe  a physical  mixture  of 
different  substances  like  oil  and  water,  which  do  not  form  a 
chemical  union.)  To  thoroughly  understand  milk,  its  composi- 
tion and  value,  it  must,  therefore,  be  examined  chemically  and 
physically. 

Chemical  examination  reveals  the  fact  that  milk  varies  greatly 
in  its  composition,  or,  rather,  in  the  relative  quantity  of  its  parts. 
By  carefully  evaporating  the  water  we  secure  all  the  other  parts, 
and  these  collectively  are  called  the  “total  solids”  of  the  milk. 
The  fat  may  then  be  easily  separated  from  the  rest  and  its  quan- 
tity determined,  the  remainder  being  what  are  known  as  “the 
solids  not  fat.”  These,  in  turn,  are  usually  separated  into  case- 
ine, sugar  and  salt,  or  ash.  The  notable  differences  in  milk  are 
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in  the  proportion  of  fat  to  other  solids,  and  of  the  total  solids  to 
the  water.  The  range  of  total  solids  is  from  below  1 1 per  cent,  to 
above  20  per  cent.  It  is  unusual,  however,  to  find  pure  milk 
from  a healthy  cow  with  much  less  than  12  per  cent,  solids,  and 
over  16  per  cent,  is  also  uncommon.  The  highest  record  found 
for  a single  cow  is  23.43  per  cent.,  and  the  lowest,  10.55  per 
cent.,  the  former  a Jersey  and  the  latter  a Holstein;  and  the 
highest  for  a herd,  for  any  length  of  time,  is  15.45  per  cent.,  for  a 
herd  of  registered  Jerseys  in  the  State  of  New  Jersey,  tested  for 
one  full  year,  and  the  lowest,  11.77  per  cent.,  for  forty-five 
Dutch  cattle  at  Proskau,  for  over  two  years,  as  reported  by  Dr. 
Schmoeger  in  the  “Milch  Zeitung,”  for  1881.  The  range  of  fat 
is  even  greater,  proportionally,  being  from  2 per  cent.,  or  even 
less,  to  12  per  cent.  But  3 per  cent,  is  as  low  as  allowable  for 
pure  milk  from  a well-kept  cow,  and  anything  over  6 per  cent., 
maintained  for  any  length  of  time,  is  very  rare.  The  fats  of  milk 
being  included  in  the  solids  and  the  most  variable  portion,  we 
naturally  find  most  fat  with  the  most  solids,  and  the  lowest  fat 
with  the  lowest  total  solids,  and  vice  versa.  The  highest  and 
lowest  records  of  fat  which  I have  seen  for  single  cows  are  12.53 
and  2.70  per  cent.,  being  the  same  animals  previously  referred  to 
as  showing  the  extreme  for  total  solids.  Both  were  examined  at 
the  New  York  Agricultural  Experiment  Station.  The  highest  and 
the  lowest  for  a herd,  5.53  and  2.82  per  cent.,  respectively,  for 
Jerseys  and  Holsteins. 

Physical  examination,  chiefly  with  a microscope,  shows  the 
condition  in  which  the  fat  is  held  in  the  serum  or  fluid,  and  dem- 
onstrates great  differences,  in  this  particular,  in  the  milk  of  differ- 
ent cows.  The  fat  is  found  in  globular  form,  myriads  of  these 
minute  globules  floating  at  will,  in  the  otherwise  colorless  fluid, 
and  giving  to  milk  a physical  character  and  quality  quite  distinct 
from  its  chemical  quality.  The  main  differences  in  these  fat 
globules  are  in  their  average  size  and  their  uniformity  of  size  as 
seen  in  different  milks.  It  requires  from  1,500  to  10,000  of  these 
fat  globules,  placed  side  by  side,  to  cover  an  inch  in  length ; from 
6,000  to  7,000  is  a fair  average.  Sometimes,  but  not  often,  glob- 
ules are  found  as  large  as  l-1000th  of  an  inch  in  diameter,  and  in 
most  milk  there  are  those  so  minute  as  to  be  called  granules,  to 
distinguish  them,  and  which  are  l-25000th  of  an  inch,  or  less,  in 
diameter.  Dr.  Sturtevant,  as  the  result  of  thousands  of  examina- 
tions, reported  the  average  size  of  the  fat  globule  in  Jersey  milk 
as  l-5252d  of  an  inch,  and  in  Ayrshire  milk  i -7080th  of  an 
inch  ; the  average  size  for  Dutch  or  Holstein  milk  was  still  smaller. 
The  larger  the  fat  globules  in  any  milk,  the  easier  and  quicker  they 
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separate  from  the  fluid,  and  the  more  difficult  it  is  to  remix  the 
parts  ; that  is,  the  cream  and  the  skim-milk.  I quote  from  Dr. 
Sturtevant  on  this  subject  of  the  differences  in  milk  as  regards  its 
physical  character : “ The  globule  of  the  milk  of  the  Jersey  breed 
is  larger  than  that  of  other  breeds  examined,  and  there  are  fewer 
granules  ; as  a result,  the  cream  rises  with  considerable  rapidity, 
and  so  completely  as  to  leave  a very  blue  skim-milk,  which  does 
not  readily  remix  with  the  cream.  The  milk  of  the  Ayrshire  breed 
furnishes  a globule  intermediate  in  size  between  the  Jersey  and 
the  Dutch,  and  a predominant  feature  is  the  presence  of  numer- 
ous granules,  or  extremely  small  globules,  which  give  a white 
rather  than  a blue  appearance  to  the  skim-milk.  Of  the  three 
breeds  we  are  considering,  the  Dutch  or  American-Holstein  pre- 
sents the  smallest  globule  to  its  milk.  The  globules  are  more 
uniform  in  their  size  than  in  the  Ayrshire  milk,  and  there  are  fewer 
granules.  The  cream,  on  account  of  the  uniformity  of  size  of  the 
globules,  rises  completely,  making  the  skim-milk  appear  blue,  and 
on  account  of  their  small  size,  the  cream  can  be  readily  mixed  with 
the  skim-milk  by  shaking.”  Prof.  Arnold  adds,  on  this  point: 
“ The  milk  of  Devons  closely  resembles  that  of  Jerseys  ; the  milk 
of  native  cows  is  usually  similar  to  that  of  Ayrshires,  and  the  milk 
of  Shorthorn  cows  somewhat  resembles  that  of  the  Dutch,  but  the 
globules  are  larger  and  not  so  uniform  in  size  and  quality.” 

Investigations  in  another  direction  have  determined  what  may 
be  called  either  physiological  or  hygienic  differences  in  milk.  The 
character  of  the  solids,  and  particularly  of  the  fats  and  caseine, 
appears  to  differ  as  regards  digestibility.  It  is  believed  by  some 
that  the  caseine  is  more  or  less  in  a solid  form,  instead  of  all  dis- 
solved, and  that  this  solid  portion  varies  greatly  in  different  milks. 
This  variation  makes  one  milk  much  more  wholesome,  or  easier  of 
digestion,  than  another,  which  becomes  a matter  of  importance  in 
the  case  of  infants  and  invalids.  Furthermore,  milk  differs  in  the 
matter  of  color.  Some  cows,  as  a part  of  their  animal  economy, 
have  the  power  of  secreting,  in  various  parts  of  the  body,  an 
orange-colored  pigment.  This  coloring  matter  has  a special  affi- 
nity for  the  fatty  tissues,  and  appears  in  the  fats  of  the  milk.  In 
this  respect,  as  stated,  cows  differ  greatly,  and  the  matter  of  color 
seems  to  have  no  relation  whatever  to  the  quantity  or  other  quali- 
ties of  milk.  It  is  certain  that  color  is  in  no  respect  an  indica- 
tion of  the  quantity  of  fat  in  a milk,  or  of  the  butter  that  milk 
will  produce.  Erroneous  views  on  this  point  have  led  to  undue 
value  being  placed  on  high-colored  milk  and  cows  producing  such. 
Repeated  trials  have  shown  that  cows  whose  bodies*  and  milk 
are  destitute  of  this  often-prized  quality  yield  milk  richer  in  the 
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quantity  and  quality  of  butter  produced  from  it  than  other  cows 
specially  selected  for  their  high  development  of  this  peculiar  at- 
tribute of  color. 

Although  the  variations  in  milk,  as  described,  appear  more  or 
less  among  cows  of  the  same  breed,  and  more  decidedly  among 
animals  of  mixed  blood,  it  has  been  well  established  that  the  con- 
trast is  most  marked  between  pure-bred  cows  of  the  several  recog- 
nized dairy  breeds  of  cattle.  The  differences  in  the  milk  from 
these  breeds  is  so  positive  as  to  be  regarded  as  characteristic  of 
the  breeds  themselves.  Thus,  high  medical  authority  pronounces 
the  Ayrshire  milk  to  have  special  hygienic  properties  which  adapt 
it,  above  all  others,  to  the  use  of  infants  and  invalids.  The  pre- 
dominating feature  of  Guernsey  milk  is  the  deep  orange  color 
which  becomes  imparted  to  the  butter.  The  cattle  of  Holland  and 
Holstein  are  noted  for  yielding  enormous  quantities  of  milk,  very 
low  in  fat  and  other  solids,  but  of  such  physical  character  as  to 
make  it  the  best  of  all  to  transport  long  distances  and  maintain  an 
even  quality  for  retail  city  delivery.  And  the  Channel  Island 
cattle  — the  Guernseys  and  Jerseys  — give  the  highest  per  cent, 
of  fat  and  total  solids,  together  with  high  color.  The  differences 
which  are  to  he  found  in  milk  and  the  products  of  milk  are , then , 
mainly  a difference  of  breeds.  The  study  of  the  characteristics  of 
the  milk  of  different  breeds  of  cattle  has,  therefore,  a direct  prac- 
tical bearing,  and  becomes  of  interest  to  all  consumers  who  are 
discriminating  buyers,  and  to  all  producers  whose  business  sense 
leads  them  to  take  every  advantage  of  a discriminating  market. 
Heretofore  there  has  been  difficulty  in  pursuing  this  study  because 
of  the  lack  of  sufficient  data.  In  the  old  records,  of  which  there 
is  a great  mass,  we  have  widely  varying  results  from  the  examina- 
tion of  milk,  cheese  and  butter ; but  they  are  valueless  as  bearing 
on  the  question  of  breed,  because  rarely,  if  ever,  do  such  records 
give  any  history  of  the  origin  of  the  substances  examined.  Facts 
of  a more  complete  and  satisfactory  character  have  been  accumu- 
lating of  late  years,  however,  and  while  it  is  not  unlikely  that 
further  data  will  cause  some  modification  of  existing  averages, 
and  the  deductions  to  be  made  from  them,  we  have  now  enough 
to  at  least  make  a very  interesting  subject  for  study  and  to  lead  to 
some  well-defined  conclusions. 

My  attention  has  been  attracted,  for  two  or  three  years,  by  the 
discussions  of  human  foods,  and  the  different  ways  of  comparing 
them.  I have  been  specially  interested  in  noting  the  high  position 
occupied  by  dairy  products  as  economical  articles  of  food.  And 
this  paper  was  suggested  by,  and  is  mainly  based  upon,  certain 
tables,  with  their  explanations,  which  are  to  be  found  in  the  pro- 
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ceedings  of  recent  meetings  of  the  American  Association  for  the 
Advancement  of  Science.  Those  relating  to  the  differences  of 
milk  — or  rather  the  variation  in  the  food  value  of  different  milks, 
and  comparing  dairy  products  in  this  respect  with  other  articles  of 
food  — were  presented  in  the  Economic  Section  of  the  Association, 
and  the  one  on  variations  in  butter  was  presented  in  the  Chemical 
Section,  and  also  contributed  to  the  last  meeting  of  the.  Society  for 
Promoting  Agricultural  Science,  and  published  in  its  proceedings 
for  1887.  With  such  endorsement,  we  may  rely  upon  the  accuracy 
and  value  of  these  data,  and  may  deduct  some  important  facts  from 
their  consideration. 

The  tables  to  which  attention  is  first  invited  were  prepared 
two  years  ago,  in  connection  with  a discussion  of  “ the  food  ques- 
tion,” to  illustrate  the  “ Relative  Values  of  Human  Foods,”  upon 
the  basis  of  their  chemical  composition.  They  have  been  amplified 
and  rearranged  within  the  past  year,  separating  the  long  list  of 
dairy  products  from  the  other  foods,  and  giving  a new  title  suited 
to  my  present  use  of  them.  (Table  illustrating  the  Differences  in 
Dairy  Products,  and  comparing  the  latter  with  various  other  stand- 
ard foods.)  The  figures,  as  presented  to  the  American  Associa- 
tion, remain  unchanged,  and  they  represent  a very  large  number 
of  authentic  analyses.  In  relation  to  every  article  named,  the 
composition  on  which  its  value  is  based  is  the  average  of  all 
analyses  of  like  articles  of  undoubted  history  which  could  be 
found  recoided,  upon  reliable  authority,  up  to  the  first  of  July, 
1887. 

There  are  different  ways  of  comparing  human  foods,  upon  the 
score  of  economy.  If  one  attempts  to  consider  at  once  their 
digestibility,  chemical  composition  and  usual  cost,  besides  other 
conditions  which  should  not  be  ignored,  — nervine  properties,  for 
example,  — the  problem  becomes  very  complex.  It  is  hard  to 
define  the  average  human  stomach,  and  we  are  so  much  in  the  dark 
on  the  questions  of  actual  digestion  and  assimilation  of  different 
forms  of  food  that  it  is  safer  to  drop  that  factor  than  to  include  it. 
At  all  events  it  is  better  to  approach  the  subject  by  stages;  and 
in  this  instance  we  consider,  in  combination,  the  chemical  knowl- 
edge of  foods  and  their  market  prices.  The  basis  of  comparison 
is  all  important.  The  necessity  is  apparent  of  separating  foods 
into  two  grand  divisions,  animal  and  vegetable,  and  of  selecting  a 
basis  for  each.  It  is  needless  to  here  fully  explain  the  manner  in 
which  these  tables  were  prepared.  For  the  details,  reference  is 
made  to  the  original  form  of  publication.  (Vol.  xxxiv,  Amer. 
Assoc.  Advancement  of  Science,  1885,  page  504.)  Tlie  state- 
ment is  sufficient,  now,  that  pure  lard,  at  12  cents  per  pound,  and 
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average  ox-beef,  flesh  free  from  the  bone,  at  16  cents  per  pound, 
taken  as  the  basis,  gives  the  average  cost  of  the  nutrients  iii 
animal  foods  as  72  cents  per  pound  for  protein,  12  cents  for  fats, 
and  7 cents  for  carbo-hydrates.  This  assumes  the  proper  ratio 
between  fats  and  carbo-hydrates  to  be  1.75  to  1 ; so  that  to  com- 
bine these  two,  the  quantity  or  per  cent,  of  fat  in  any  analyses  is 
multiplied  by  1.75  and  added  to  the  carbo-hydrates.  For  vege- 
table foods,  the  potato,  at  60  cents  per  bushel,  or  1 cent  a pound, 
is  the  basis,  and  the  value  of  vegetable  protein  thus  fixed  at  10 
cents  per  pound,  and  of  carbo-hydrates  at  4 cents  per  pound. 

Based  upon  these  values,  the  following  tables  have  been  com- 
piled. They  give  the  chief  nutrients,  the  computed  value,  and  the 
average  price,  approximately,  of  100  pounds  of  about  thirty  differ- 
ent dairy  products,  and,  for  comparison,  an  equal  number  of  other 
common  articles  of  food,  one-third  animal  and  the  rest  vegetable. 
A column  is  added  at  the  right  of  each  table,  indicating  by  the 
signs  plus  (-[-)  and  minus  ( — ),  whether  the  usual  selling  price,  as 
stated,  is  more  or  less  than  the  computed  food  value. 
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Table  Illustrating  the  Differences  in  Dairy  Products,  and  Com - 
jniring  the  Latter  with  various  other  Standard  Food  Products. 


Milk  from  Various  Different 
Breeds  of  Cows,  with 
Butter,  Cheese,  etc. 

Pounds 
Protein 
in  100 
pounds. 

Pounds 
Carbo- 
hydrates 
'in  100 
pounds. 

Computed 
Value  per 
100  pounds. 

Average 
Market 
Price  per 
100  pounds. 

Price, 
(•renter  or 
Less  than 
Value. 

Cow’s  milk,  chemists’  stand- 

ard, 

4.00 

10.62 

$3  62 

$3  25 

— a 

Cow’s  milk,  average  all 

analyses,  .... 

3.41 

11.23 

3 24 

2 79 

— b 

Milk  of  Galloway  cow, 

5.30 

8.86 

4 45 

3 25 

— a 

of  Bengali  eow,  . 

5.19 

10.07 

4 44 

- 

— 

of  Devon  cow,  . 

4.37 

12.56 

4 02 

3 25 

— a 

of  Jersey  cow,  . 
of  Guernsey  cow, 

3.98 

13.88 

3 82 

3 50 

— c 

3.97 

13.63 

3 81 

3 50 

— c 

of  Brittany  cow, 

3.90 

1089 

3 76 

- 

— 

of  Danish  cow,  . 

3.90 

10.09 

3 56 

- 

— 

of  Ayrshire  cow, 

3.70 

1 1 .05 

3 54 

3 25 

— a 

of  Shorthorn  cow, 

3.74 

11.83 

3 52 

3 25 

— a 

of  Kerry  cow, 
of  Dexter  (Irish)  cow, 
of  Holstein  cow, 

3.40 

10.96 

3 21 

- 

- 

3.35 

11.05 

3 20 

- 

- 

3.15 

9.07 

2 95 

3 25 

-f-  & 

of  Hollander  cow, 

3.03 

10.05 

2 93 

• 3 25 

-4-  a 

of  Fribourg  cow, 

2.84 

11.68 

2 86 

3 00 

4-  d 

of  Dutch  cow,  . 

2.78 

11.42 

2 80 

3 00 

-j-  d 

Goats’  milk, 

3.80 

12.98 

3 65 

- 

Sheeps’  milk, 

7.12 

14.07 

6 15 

- 

- 

Skim-milk  (cow’s) 

3.00 

6.15 

2 63 

1 77 

— c 

Buttermilk, .... 

3.78 

5.89 

3 13 

1 77 

— e 

Condensed  milk, . 

10.07 

60.06 

15  77 

20  00 

4- 

Cream,  average, . 

3.70 

48.51 

6 06 

12  50 

4 

Butter,  average  of  all, 

0.80 

j 146.15 

10  67 

25  00 

4 

Butter,  J ersey,  . 

1.30 

152.78 

11  41 

30  00 

4 

Butter,  Ayrshire, 

1.40 

151.81 

11  42 

25  00 

4 

Butter,  Holstein,. 

2.05 

143.55 

11  82 

25  00 

4 

Cheese,  full  cream  average, 

2710 

55.78 

23  46 

15  00 

Cheese,  pure  Jersey  milk,  . 

28.18 

64.81 

24  48 

15  00 

— 

Cheese,  half -skim, 

27.6  2 

38.92 

22  61 

12  00 

— 

Cheese,  skim-milk, 

32.65 

21.50 

25  01 

10  00 

— 

Cheese,  whey, 

8.88 

66.91 

11  08 

Note.  — a,  at  rate  of  7 cents  per  quart;  b,  G cents  per  quart;  c,  8 cents  per 
quart ; d,  6£  cents  per  quart ; e,  4 cents  per  quart. 
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Table  Illustrating  the  Differences  in  Dairy  Products,  and  Comparing 
the  Latter  with  various  other  Standard  Food  Products. 


Standard  Articles 
Human  Food. 

OP 

Pounds 
Protein 
in  100 
pounds. 

Pounds 
Garbo* 
hydrates 
in  100 
pounds. 

Computed 
Value  per 
100  pounds. 

A verage 
Mark*  t 
Price  per 
100  pounds. 

Price, 
Greater 
or  Less 
than 
Vaiue. 

Beef,  without  bone,  — 

av’ge, 

21.39 

9.08 

$16.32 

$16.32 

Veal,  medium  fat, 

18.88 

13.89 

14.57 

15.00 

+ 

Mutton,  fat, . 

14.80 

63.73 

15.12 

15.00 

Pork,  fat, 

14.54 

65.35 

15.04 

13.00 

— 

Fowl,  domestic,  . 

18.49 

17.54 

14.54 

16.00 

4- 

Hens’  eggs, . 

12.55 

21.74 

10.56 

10.65 

+f 

Salmon, 

13.10 

1267 

10.32 

30.00 

~T~ 

Mackerel,  . 

23.42 

11.83 

17.69 

10.00 

Codfish,  dried, 

17.90 

2.25 

13.05 

8.00 

— 

Oysters, 

4.95 

3.27 

3.97 

10.00 

4“ 

Fine  wheat  flour, 

8.91 

76.12 

3.94 

3.00 

Coarse  wheat  Hour, 

11.27 

75.79 

4.16 

2.50 

— 

Oat  meal,  . 

15.50 

74.37 

4.52 

3.00 

— 

Corn  meal,  . 

12.17 

78.02 

4.55 

1.50 

— 

Fine  wheat  bread, 

6.82 

53.69 

2.83 

4.00 

+ 

Coarse  wheat  bread, 

6.23 

51.32 

2.67 

3.00 

+ 

Potatoes, 

1.79 

20.84 

1.01 

1.00 

Rice,  . 

1.81 

76.61 

3.24 

6.00 

-h 

Beans,  . 

23.56 

52.10 

4.44 

4.00 

Pease,  . 

22.63 

56.25 

4.51 

5.00 

+ 

Cabbage, 

2.95 

9.24 

0.66 

1.00 

+ 

Onions, 

1.68 

10.99 

0.61 

2.00 

4- 

Tomatoes,  . 

1.25 

4.66 

0.31 

2.00 

4- 

Sugar,  from  cane, 

0.35 

96.73 

3.90 

6.00 

4- 

Honey, 

1.29 

81.43 

3.39 

25.00 

4- 

Apples, 

Dried  apples. 

0.39 

13.74 

0.59 

1.50 

4- 

1.06 

55.97 

2.35 

- 

4- 

Peaches, 

0.65 

12.57 

0.57 

- 

4- 

Strawberries, 

1.07 

8.48 

0.45 

- 

4- 

Grapes, 

059 

17.11 

0.74 

- 

4- 

Banana,  yellow,  hard 

> • • 

1.41 

30.85 

1.23 

- 

4- 

Banana,  fully  ripe, 

4.82 

20.96 

1.32 

— 

4- 

Note.  — f,  16  cents  per  dozen. 


Certain  general  explanations  and  remarks  should  be  made  in 
regard  to  these  tables  before  referring  to  any  special  points  df 
interest.  In  each  table  the  first  column  gives  the  name  of  the 
article  of  food  to  which  the  figures  on  the  same  line  apply.  The 
remaining  columns  in  the  two  tables  are  duplicates  in  their  head- 
ings and  objects.  The  column  headed  “ Protein”  gives  in  pounds 
and  hundreths  of  a pound  the  average  quantity  found  in  one  hun- 
dred pounds  of  the  article  named.  By  “protein”  is  meant  that 
class  of  compounds,  the  most  importantof  all  the  ingredients  of  food^ 
whose  four  elements  are  carbon,  oxygen,  hydrogen,  and  especially 
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nitrogen  (with,  perhaps,  a little  sulphur  or  phosphorus).  Under 
the  head  of  protein  are,  therefore,  included  what  are  variously 
called  albuminoids,  gelatinoids,  nitrogenous  parts,  and  proteids  ; 
the  most  familiar  example  of  which  is  the  albumen,  or  u white” 
of  eggs.  The  next  column,  headed  “ Carbo-hydrates,”  gives 
likewise  the  quantity  of  this  class  of  nutrients  in  one  hundred 
pounds,  expressed  in  pounds  and  decimals.  These  substances 
include  sugar,  starch,  dextrin,  digestible  woody  fibre,  etc.,  which, 
as  well  as  fats,  are  composed  of  the  three  elements,  carbon, 
oxygen  and  hydrogen.  It  should  be  especially  noted  that  in  these 
tables,  to  save  a column  and  simplify  their  appearance,  special 
columns  for  fat  have  been  omitted,  and  the  fats  have  been  in- 
cluded in  the  columns  of  carbo-hydrates,  being  first  reduced  to  an 
equivalent  on  the  ratio  previously  stated.  This  accounts  for  the 
apparent  anomaly  of  the  figures  in  this  column,  in  some  cases,  — 
butter,  for  example,  — indicating  more  than  one  hundred  pounds 
of  carbo-hydrates  in  a hundred  pounds  of  the  article  named  ( ! ) . 
The  explanation  is  as  given,  — that  the  fat,  having  the  higher 
nutritive  value,  has  been  multiplied  by  1.75  before  adding  to  the 
carbo-hydrates  proper.  The  reason  undoubtedly  was,  that  the 
nutritive  parts  of  food  are  commonly,  if  not  correctly,  classed  as 
flesh-forming  and  heat-producing,  or  life-sustaining.  Fats  and 
carbo-hydrates  both  belong  to  the  latter  class,  and  hence  are 
expressed  in  combination.  In  these  tables,  therefore,  the  protein 
columns  represent  flesh-forming  parts  of  the  food,  and  the  carbo- 
hydrates columns,  heat-producing.  (It  is  a recognized  fact  that 
this  last  classification  is  defective  in  several  particulars,  but  espe- 
cially because  the  protein  of  food  may  be  changed  in  the  body 
into  fats  and  carbo-hydrates,  and  serve,  as  do  the  latter,  for  fuel 
in  sustaining  animal  heat  and  life.)  These  two  columns  are  based 
upon  fixed  facts,  determined  by  chemical  research,  and  not  liable 
to  change,  although  slight  modifications  may  result  from  adding 
new  analyses,  and  the  articles  may,  in  the  course  of  time,  while 
maintaining  the  same  name,  acquire  new  characteristics.  The 
next  column,  headed  “ Value,”  is  based  upon  those  before,  with 
the  rates  assigned  for  protein  and  carbo-hydrates,  per  pound,  in 
animal  and  vegetable  substances,  and  thus  gives  the  actual  value  of 
the  nutrients  in  one  hundred  pounds  each  of  the  foods  named,  com- 
puted upon  their  chemical  composition.  If  exceptions  are  taken 
to  the  assumed  prices  of  the  basic  articles,  it  is  manifest  that  by 
a simple  calculation,  based  upon  existing  market  rates,  the  columns 
of  food  values  may  be  easily  reconstructed  to  suit  any  given  lo- 
cality. As  the  figures  stand,  however,  they  are  relatively  correct, 
and  serve  our  purpose  better,  in  comparing  different  foods,  than 
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do  those  of  the  previous  columns.  The  columns  headed  “ Average 
Market  Price”  are  simply  for  illustration,  and  will  vary  more  or 
less  with  time  and  place.  The  purpose  of  the  signs  in  the  right- 
hand  columns  have  already  been  explained. 

It  may  be  noticed  that  the  tables  do  not  include  the  mineral 
constituents  of  food,  which  are  usually  denominated  the  ash.  No 
diet  is  complete  without  some  mineral  ingredients,  and  in  milk  for 
babes  these  are  an  important  factor.  But  sooner  or  later  after  we 
begin  to  crawl,  — and  sooner  rather  than  later,  — we  all,  it  is  said, 
“ eat  our  peck  of  dirt,”  so  that  this  omission  may  be  regarded  as 
unimportant,  and,  perhaps,  be  thus  accounted  for. 

For  the  single  object  of  showing  the  differences  in  dairy  pro- 
ducts, and  hence,  for  this  occasion,  we  should  have  found  it  more 
satisfactory  to  place  the  fats  in  a separate  column,  and  also  have 
a column  of  total  solids.  But  I thought  it  best  to  use  the  tables  as 
originally  published,  rather  than  change  any  figures. 

At  this  point,  attention  is  especially  invited  to  the  demonstra- 
tion given  by  these  tables  of  the  cheapness,  when  compared  with 
their  nutritive  value,  of  nearly  all  dairy  products  (butter  excepted) . 
Skim-milk,  buttermilk  and  cheese,  at  their  usual  retail  prices,  are 
cheaper,  as  nutritious  food,  than  any  other  article  on  the  list,  and 
are  approached  in  this  respect  only  by  fresh  mackerel  and  dried 
codfish.  Butter  is  an  exception,  and,  while  it  unquestionably 
serves  special  purposes  in  the  human  diet,  it  must,  upon  the  basis 
of  its  chemical  composition,  be  regarded  as  a delicacy  or  luxury, 
and  not  as  a food.  It  ordinarily  costs  two  or  three  times  its  real 
food  value,  and  often  more.  Of  the  more  solid  foods  not  specially 
perishable,  nothing  begins  to  compare,  in  cheapness,  with  cheese. 
What  shall  be  said  of  the  domestic  economy  of  America,  where 
more  butter  and  less  cheese  are  consumed,  per  capita,  than  in  any 
other  nation  in  our  zone  ? And  what  of  the  wisdom  of  the  law- 
makers, in  some  of  our  States  and  great  cities,  who,  to  escape  the 
difficulties  of  regulating  the  milk  traffic,  utterly  ignore  the  vital 
question  of  cheap  and  wholesome  food  for  the  poor,  and,  sanc- 
tioned even  by  boards  of  health,  absolutely  prohibit  the  sale  of 
skimmed-milk,  and  actually  authorize  the  destruction  of  all  that 
can  be  found ! 

Now,  let  the  consideration  be  confined  to  that  part  of  the  first 
table  which  relates  to  milk.  Great  differences  are  here  shown  in 
the  composition,  and  hence  the  value,  of  the  average  milk  of  cows  of 
different  breeds.  It  is  worthy  of  notice  that  the  milks  which,  as 
shown  in  the  column  for  carbo-hydrates,  have  the  most  fat,  are,  as 
a rule,  also  the  richest  in  protein,  or  curd.  This  table  indicates 
at  once  the  breeds  of  cattle  whose  milk  we  should  buy,  if  con- 
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snmers,  and  which  we  should  keep,  to  be  the  producers  of  milk  of 
high  quality.  The  milk  of  the  chemists’  standard,  “ average  cow’s 
milk”  (as  determined  by  very  many  analyses),  and  of  all  the 
breeds  enumerated,  except  four,  usually  sells  for  less  than  its 
computed  value.  Four  breeds,  all  of  the  same  general  class  of 
stock,  yield  milk  so  low  in  its  nutrients  that  it  is,  on  the  average, 
not  worth  the  prices  at  which  it  usually  sells.  This  difference  in 
value  would  be  still  more  marked,  if  the  same  selling  price  was 
assigned  to  all  milk,  but  special  allowance  is  made  in  the  table  for 
higher  prices  for  milk  of  exceptional  richness,  and  low  prices  for 
that  of  poorest  quality. 

Manifestly,  we  do  not  buy  milk,  and  we  are  foolish  if  we  produce 
it,  for  the  water  it  contains.  The  greater  the  proportion  of  water, 
the  poorer,  less  valuable  the  milk.  It  is  the  solid  portion,  and 
that  only,  which  gives  milk  its  food  value,  and  I firmly  believe  the 
time  is  near  at  hand  when  its  commercial  value  will  be  fixed  by  the 
total  solids.  Indeed,  a system  of  grading  milk  according  to  its 
solids,  and  selling  it  at  different  prices,  fixed  by  its  quality,  has 
already  been  inaugurated  by  at  least  one  enterprising  milk-dealer 
in  Philadelphia.  To  illustrate  : compare  the  milk  of  one  of  the 
breeds  of  high  quality,  and  one  of  those  of  a low  standard,  with 
the  general  average.  We  will  take  the  fourth  from  the  top,  the 
Jersey,  and  the  fourth  from  the  bottom,  the  Holstein,  as  being 
familiar  breeds,  and  expand  the  figures  of  the  table,  to  give  the 
full  average  analyses  : — 


Kixd  or  Milk. 

Water. 

Solids. 

Casein. 

Fat. 

Sugar. 

Ash. 

Value 
per  cwt. 

Maximum,  Jersey, 

85.18 

14.82 

3.98 

1 

5.06 

5.1)3 

.75 

§3  82 

Mean,  Average  of  all,  . 

87.31 

12.69 

3.41 

3.66 

4.92 

.70 

3 24 

Minimum,  Holstein, 

87.92 

12.08 

3.15 

3.30 

4.90 

.73 

2 95 

A graphic  illustration  is  more  satisfactorj"  than  the  mere  figures. 
Three  sets  of  glass  jars,  six  in  each,  can  be  prepared  so  as  to  show 
respectively  the  component  parts  of  one  gallon  of  each  of  the  three 
grades  of  milk  represented  by  the  figures  in  the  table  just  above, 
and  thus  strikingly  exhibit  the  difference  in  composition  of  these 
representative  samples  of  milk. 

The  question  may  be  asked:  Is  not  this  theoretical?  Not  at 
all ! Excepting  the  single  item  of  the  relative  nutritive  value  of 
fats  and  carbo-hydrates,  everything  about  these  tables  is  fact,  — 
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simply  the  condensed  record  on  innumerable  facts,  determined  by 
many  careful  men,  working  through  a long  term  of  years. 

Is  this  not  all  scientific  work?  Yes,  it  is,  mainly,  the  work  of 
scientific  men.  But  if  the  word  “ science,”  which  to  some  is  so 
repugnant,  is,  as  it  ought  to  be,  interpreted  as  meaning  simply  the 
truth,  or,  as  Davy  so  well  defined  it,  as  “common-sense,  refined 
and  classified,”  there  seems  no  reason  why  these  records  should  not 
be  accepted  by  the  most  “ practical  ” man.  While  I have  the  most 
profound  regard  for  science  and  scientific  methods,  I measure  the 
value  of  both  solely  by  their  practical  results.  And  I believe  that 
the  statements  thus  far  made  herein,  accord  perfectly  with  practi- 
cal experience.  They  are  fully  substantiated  by  the  facts  devel- 
oped in  the  dairy  farming  of  this  country,  at  the  present  time,  and 
by  its  allied  industry  and  commerce. 

So  far  recorded  facts.  But  now,  when  we  come  to  a discussion 
of  the  lessons  they  teach,  and  seek  for  examples  in  practice,  we 
necessarily  reopen  “the  battle  of  breeds.”  Only  facts  which  can 
easily  be  authenticated  will  be  given,  and  comparisons  will  be  fairly 
made,  but  it  will  be  impossible  to  occupy  strictly  neutral  ground. 
The  question  is,  Which  cattle  produce  the  best  milk,  — the  best  to 
sell,  and  the  best  to  buy?  I will  not  attempt  to  further  argue  that 
the  best  milk  is  the  most  profitable,  for  seller  as  well  as  for  buyer. 
We  will  take  the  most  familiar  rival  dairy  breeds,  — the  Holstein- 
Friesians  (as  now  called)  and  the  Jerseys.  According  to  the 
chemists,  the  average  milk  of  Holstein  cows  has  but  12.08  per  cent, 
of  solids,  including  3.30  per  cent,  of  fat.  This  would  barely  escape 
the  lowest  legal  standards  that  are  justifiable.  It  will  readily  be 
understood  that  the  probability  is,  that  more  of  the  milk  of  cows 
of  known  breeding  has  been  from  animals  above  the  average  qual- 
ity, rather  than  below.  Do  practical  results  sustain  the  testimony 
of  chemistry?  Within  two  years,  I have  personally  known  of  two 
herds  of  highly -bred  Holstein-Friesian  cattle,  many  of  them  im- 
ported, and  valued  as  better  than  the  average  of  their  breed, 
owned  in  two  different  States,  by  men  of  absolute  integrity,  and 
yet  both  these  owners  have  suffered  the  penalty  of  the  law,  because 
the  milk  sold  from  their  herds,  and  which  they  insisted  was  pure 
milk  from  their  fine  cows,  fell  below  the  local  standard  in  their  re- 
spective States.  The  case  of  Uriah  Borten,  of  Rancocas,  N.  J., 
the  facts  of  which  have  been  given  to  the  public,  is  another  of  a 
similar  nature.  I know  of  the  case  of  a substantial  dairy  farmer, 
who  made  his  whole  living  from  his  farm,  and  who  sold  off  a prof- 
itable dairy  herd  of  mixed  blood,  and  replaced  them  with  Holsteins, 
in  which  he  invested  all  his  savings.  He  did  well  in  the  sales  of 
cattle,  became  a large  importer,  and  one  of  the  most  highly  esteemed 
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expert  judges  of  the  “blacks  and  whites”  in  his  section  of  the 
country.  Lately  he  surprised  his  neighbors  by  selling  out  his  pure- 
bred cattle,  stocking  his  farm  with  grade  Jerseys,  and  resuming 
his  old  dairy  business.  Upon  being  asked  to  explain,  he  stated  that 
he  was  unwilling  to  continue  selling  to  other  people,  as  fine  dairy 
stock,  animals  which  in  his  own  practice  had  proved  to  be  unprofit- 
able ; that  he  had  lost,  by  keeping  Holsteins  as  his  dairy  herd, 
about  as  much  as  he  had  made  trading  in  them,  and  resolved  to 
return  to  stock  that  could  be  kept  at  a profit.  Another  case,  with 
the  details  of  which  I am  familiar,  is  this  : A man,  whose  name 
you  would  all  recognize,  owns  a large  farm  near  one  of  our  princi- 
pal cities,  well  adapted  for  milk  production.  He  had  a stock  of 
Jerseys  and  grade  Jerseys,  and  mixed-bloods,  or  “ natives,”  and 
bought  a good  milk  route,  on  which  he  disposed  of  their  products. 
The  demand  soon  exceeded  his  supply,  and,  upon  the  advice  of 
friends,  he  purchased  IIolstein-Friesians  to  increase  his  herd. 
Fancying  the  fine,  large  animals  newly  acquired,  and  having  ample 
means,  he  sold  off  all  but  three  or  four  of  his  Jersey  cows,  and, 
with  this  exception,  stocked  up  entirely  with  Holsteins,  buying  at 
high  prices  from  several  of  the  most  celebrated  breeders  in 
America.  Almost  immediately  his  milk  route  began  to  run  down, 
and  he  had  nearly  lost  his  whole  trade  before  he  became  satisfied 
of  his  mistake,  and  began  to  sell  Holsteins  and  buy  Jerseys. 
Now  I see  his  name,  every  few  weeks,  as  the  buyer  of  registered 
Jerseys,  from  the  most  noted  deep-milking  families.  I was  lately 
told  by  the  farmer  of  this  gentleman,  that  the  latter  had  become 
fully  convinced  as  to  which  breed  of  cows  gave  the  best  milk,  and 
were  the  ones  best  adapted  to  a profitable  milk-selling  business* 
Our  table  gives,  for  average  Holstein  milk,  total  solids,  12.08,  and 
fats,  3.30.  Not  long  ago  I saw  the  record  of  the  analyses  of 
twelve  samples  of  milk,  from  five  exceptionally  fine  Holstein 
cows,  — none  better  anywhere,  — and  one  or  more  being  at  the 
time  of  examination  specially  fed  to  produce  rich  milk  for  a butter 
trial.  The  work  was  done  by  an  eminent  chemist,  and  the  average 
result  was,  total  solids,  10.93,  and  fats,  2.84.  Analyses  of  the 
milk  of  a herd  of  Holsteins  near  Philadelphia,  given  by  the  own- 
ers, in  1884,  averaged  for  total  solids,  for  April,  11.33;  May, 
11.59;  June,  11.64,  — all  on  liberal  rations  of  substantial  and 
good  milk-producing  food.  At  the  State  Experiment  Station  in 
Wisconsin,  examinations  of  Holstein  milk  gave  total  solids,  11.28, 
and  fat,  2.88.  For  three  consecutive  years,  at  the  Royal  Dairy 
Show  in  London,  the  milk  of  the  Holsteins  exhibited  has  been 
tested  and  found  to  average,  total  solids,  11.80,  and  of  this  2.97 
per  cent,  was  fat.  Such  milk  cannot  be  sold  under  the  laws  of 
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the  State  of  New  York,  outside  the  county  in  which  it  is  pro- 
duced. 

Let  us  see  if  milk  of  a better  quality  cannot  be  found.  The 
chemists’  average  for  Jersey  milk,  according  to  our  table,  is  for 
total  solids,  14.82,  and  for  fats,  5.06.  As  before  remarked,  this 
may  be  a little  high,  and  for  the  reasons  stated.  But  I have  in 
my  possession  the  record  of  more  than  a 'year,  of  weekly  tests 
made  of  the  milk  sent  to  Philadelphia  daily,  for  sale,  from  a 
herd  of  registered  Jersey  cows,  owned  by  Mr.  H.  Lippincott,  of 
Cinnaminson,  N.  J.  The  dealer  who  receives  this  milk,  on  some 
day  in  every  week,  according  to  his  fancy,  samples  the  milk 
and  has  the  total  solids  chemically  determined.  The  record  for 
the  herd  for  a year  just  closed,  shows  a range  from  13.13  one 
week  in  June,  to  16.16  in  January,  and  an  average  for  the  year  of 
14.76  per  cent,  total  solids.  This  comes  pretty  well  up  to  our 
standard  (only  6-100ths  of  1 per  cent,  short),  and  the  record 
would  undoubtedly  have  been  higher,  but  for  the  fact  that  a full 
half  of  the  herd  were  heifers  with  their  first  calves.  In  passing, 
it  may  be  well  to  notice  that  this  record  shows  what  always  proves 
true,  that  the  lowest  per  cent,  of  solids  in  a year  is  at  the  flush  of 
June  pasturage,  and  during  the  heat  and  flies  of  July  and  August, 
and  the  best  milk  is  from  good  winter  feed.  Mr.  Lippincott’s 
monthly  averages  were  as  follows:  June,  14.10;  July,  13.83; 
August,  14.03  ; December,  15.21  ; January,  15.46 ; February, 
15.19.  There  is  a still  better  record  for  a whole  year.  The 
dealer  who  handles  Mr.  Lippincott’s  milk  also  has  the  product  of 
Mr.  John  P.  Hutchinson’s  herd  of  registered  Jerseys,  at  George- 
town, N.  J.,  and  has  made  similar  tests  of  that  milk.  Although 
the  details  are  not  given,  this  dealer,  Mr.  George  Abbott,  Jr.,  of 
Philadelphia,  informs  me  by  letter  that  for  the  entire  year  of  1886, 
the  milk  from  Mr.  Hutchinson’s  herd  averaged  15.45  per  cent, 
solids.  This  is  more  than  one-half  per  cent,  above  the  standard  of 
the  table.  He  adds,  as  further  examples,  the  following  averages 
of  solids,  for  the  year  1886,  in  the  milk  of  certain  herds  handled 
by  him,  and  says,  “These  are  first-class  representative  herds  of 
the  breeds  named,  and  the  averages  are  for  the  entire  year  ” : 
Registered  Jerseys,  14.37,  14.49,  14.77,  14.80,  and  14.93;  regis- 
tered Guernseys,  14.61,  14.68,  and  15.14  per  cent.  The  average 
of  the  ten  herds  examined  by  Mr.  Abbott  is  14.80,  which  is  a 
practical  endorsement  of  the  table,  or  the  average  as  fixed  by 
science. 

During  a long  period  of  close  observation  at  the  New  York 
Agricultural  Experiment  Station,  where  the  milk  from  several  un- 
registered Jersey  cows  was  tested  daily,  the  total  solids  averaged 
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14.45,  ranging  from  13.70  to  15.90.  During  the  trial  a great 
variety  of  food  was  used,  sometimes  being  intentionally  poor. 
Unfortunately,  the  percentage  of  fat,  as  distinct  from  the  other 
solids,  was  not  taken  ; but  one  may  always  be  certain  that  where 
the  total  solids  run  above  13j-  per  cent,  the  milk  is  rich  in  fats, 
for  instances  of  “solids  not  fat,”  above  10  per  cent.,  are  very 
rare.  While  at  Houghton  Farm,  I had  the  milk  of  Jersey  cows 
not  regularly  but  repeatedly  examined.  The  solids  ranged  from 
13.72  to  15.96  per  cent.,  and  the  fat  was  never  found  below  4.30 
in  the  milk  of  the  herd,  while  it  sometimes  reached  6.61  per  cent., 
and  averaged  4.93  per  cent.  So  much  for  the  quality  of  the  aver- 
age milk  of  good  business  herds  of  dairy  cows. 

The  impression  prevails  in  some  places,  that  while  the  milk  of 
Jerseys  is  of  high  quality,  it  is  always  in  small  quantity  per  cow. 
This  is  rather  outside  the  bounds  of  my  present  subject,  but  I will 
venture  to  briefly  notice  this  point.  The  criticism  is  not  sustained 
by  the  facts.  The  habit  of  an  even  and  long  continued  flow  of 
milk,  which  is  one  of  the  most  valuable  characteristics  of  this 
breed,  and  of  great  importance  to  the  producer  of  milk  for  sale, 
results  in  much  larger  annual  records  of  milk  product  in  good  dairy 
herds  of  Jerseys  than  they  are  generally  credited  with.  One  year 
while  I was  at  Houghton  Farm  a herd  of  fifteen,  including  two 
aged  cows  and  three  undeveloped  heifers,  produced  an  average  of 
5,844  pounds  3 ounces,  or  2,718£  quarts  per  head.  It  is  very  well 
known  that  dairy  herds,  kept  for  the  quantity  of  milk  produced, 
but  with  little  regard  to  quality,  and  maintained  by  frequent 
culling  and  purchases  of  fresh  cows,  are  considered  as  doing  well 
to  average  2,800  quarts  per  cow,  or  6,000  pounds.  Herds  capable 
of  an  annual  yield  of  3,500  quarts,  or  7,500  pounds  a year,  to 
every  cow  fed  for  the  year,  and  which  in  quality  reaches  the  New 
York  standard,  are  exceedingly  rare.  Yet  Jersey  herds,  main- 
tained by  their  own  increase,  are  by  no  means  uncommon,  which 
average  over  6,000  pounds  of  milk  a year,  and  that  of  the  highest 
quality.  Mr.  A.  B.  Smith,  of  Eagle,  Mich.,  in  the  year  1885, 
had  a herd  of  six  pure  Jersey  cows  and  three  high-grade  Jerseys, 
which  averaged  7,100  pounds  of  milk  each.  The  large  herd  of 
registered  Jerseys,  at  Deerfoot  Farm,  Massachusetts,  where  the 
daily  record  of  every  cow  has  been  kept  for  fifteen  years,  shows  a 
total  average  of  about  1,500  quarts  or  5,400  pounds  per  head  for 
this  long  period.  Single  cows  in  this  herd  averaged  2,933,  2,941, 
and  3,371  quarts  a year,  for  seven  successive  years,  being  from 
6,200  to  7,250  pounds.  The  Echo  Farm  at  Litchfield,  Conn., 
have  published  a list  of  the  names  and  numbers  of  a dozen  of 
their  registered  Jerseys,  several  of  them  ten  or  twelve  years  old, 
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with  their  yearly  milk  yield,  which  averages  for  the  lot  8,385 
pounds  or  3,900  quarts.  Messrs.  Miller  & Sibley  of  Franklin, 
Penn.,  have  taken  pains  to  purchase  and  to  breed  Jersey  cows 
of  large  milking  habits,  and,  as  showing  their  success,  they  pub- 
lish the  records  of  twelve  cows  which  averaged  for  a year  8,700 
pounds  or  over  4,000  quarts  of  milk  each.  One  heifer  with  first 
calf  gave  10,101  pounds  in  twelve  months,  before  three  years 
old ; another  young  cow  gave  10,329  pounds  on  ordinary  feed ; 
and  an  older  one,  16,153  pounds,  or  an  average  of  20  quarts 
a day  for  the  whole  year.  That  this  last  yield  was  milk  of  good 
quality  is  sufficiently  proven  by  its  making  over  927  pounds  of 
butter,  or  a pound  of  butter  to  every  8 quarts  of  milk.  These 
facts  show  that  there  is  no  trouble  in  getting  Jersey  cows  whose 
product  is  large  in  quantity  as  well  as  high  in  quality. 

A letter  recently  received  by  me  from  Mr.  Edward  Austen,  of 
Filston  Farm,  Glencoe,  Md,  is  appropriate  in  this  place.  I 
requested  this  gentleman  to  send  me  the  annual  yield  of  his  cows, 
and  what  he  knew  of  its  quality.  Mr.  Austen  is  a man  of  accu- 
rate, systematic  habits,  who,  after  some  years  in  business  life,  now 
owns  and  manages  in  person  a dairy  farm  in  Maryland,  producing 
milk  for  sale  in  the  city  of  Baltimore.  He  once  said  to  me  that 
he  found  the  only  safe  milk  business  was  making  the  best  milk, 
and  he  would  not  keep  a cow  in  his  herd  that  did  not  prove  profit- 
able as  a dairy  animal.  But  his  letter  tells  the  story  : “ Twenty 

cows  in  my  herd  of  A.  J.  C.  C.  Jerseys,  being  all  the  cows  I had 
that  had  dropped  more  than  one  calf,  yielded  119,495  pounds  14 
ounces  of  milk  in  twelve  months,  being  an  average  of  5,974f  pounds 
for  each  cow,  and  every  one  of  these  cows  bore  a calf  during  the 
year.  The  milk  of  every  cow  was  weighed  separately,  morning 
and  night,  every  day  except  Sunday,  when  the  yield  was  assumed 
to  be  the  same  as  that  of  the  previous  day.  Calves  were  allowed 
to  suck  their  dams  for  three  days  and  no  estimate  made  of  the 
milk  so  used.  Eight  of  these  cows  were  imported  and  the  others 
home-bred.  The  lowest  record  for  the  year  was  that  of  an  im- 
ported cow,  over  twelve  years  old,  4,181  pounds  6 ounces  ; and 
the  highest  was  a home-bred  cow,  8,383  pounds.  I have  only 
made  two  butter  tests  for  seven  days,  among  these  cows.  One 
gave  16  pounds  12  ounces,  and  the  other  over  14  pounds  of  butter, 
both  on  a trifle  more  than  the  regular  dairy  rations.  I made  quite 
a number  of  tests  of  one  to  three  days,  on  the  regular  feed,  and 
was  quite  satisfied  that  there  was  only  one  cow  in  the  twenty  that 
would  not  make  over  10  pounds  of  butter  per  week  on  their  reg- 
ular daily  food,  and  that  a majority  of  them  would  go  over  11 
pounds.  I have  no  other  means  of  ascertaining  the  quality  of 
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the  milk  produced  except  the  cream  glass,  which,  used  daily, 
showed  from  19  to  31  per  cent,  of  cream,  — whatever  that  may 
prove.  If  we  had  an  Agricultural  Experiment  Station  in  this 
State,  I would  know  the  per  cent,  of  fat  and  total  solids.  I have 
always,  since  my  boyhood,  been  a lover  of  cows,  and  began 
with  Devons,  — then  tried  Ayrshires,  and  finally  Jerseys.  For  all 
dairy  purposes  I shall  stand  by  the  latter.  The  Guernseys  stand 
high  in  my  estimation,  but  I have  reason  to  think  that  they  are 
not  such  persistent  milkers  as  the  Jerseys.  You  did  not  ask  my 
opinion  of  Jersey  cows,  or  the  respective  merits  of  the  various 
breeds,  but  I throw  this  in.” 

Good  cheese  is  made  from  whole  milk,  or  that  from  which  no 
part  of  the  cream  has  been  taken.  In  old  times  little  else  was 
thought  of.  Now  so  many  inferior  kinds  are  made  that  the  des- 
ignation “ full-cream  cheese”  is  given  to  the  standard  product  of 
first  quality.  The  differences  in  this  class  of  dairy  products,  to 
which  I shall  briefly  refer,  are  not  those  incident  to  the  processes 
which  result  in  “skims”  and  “filled”  cheese  (lard  or  oil  sub- 
stituted for  fat  removed  in  cream)  but  relate  to  the  variations 
occurring  in  the  quantity  and  quality  of  full-cream  cheese  made 
from  an  equal  weight  of  whole  milk  from  different  breeds 
of  cows. 

One  would  not  at  first  think  that  milk  of  extreme  richness  of 
fat  or  cream,  and  specially  adapted  to  butter-making,  would  be 
desirable  for  cheese.  But  in  well-made  cheese,  a very  large  share 
of  the  total  solids  of  the  milk  are  secured  in  the  product,  — nearly 
all  the  caseine  and  the  fat,  although  most  of  the  sugar  escapes 
in  the  whey.  Consequently,  that  which  is  richest  in  total  solids 
will  make  the  most  cheese  per  hundred-weight  of  milk  ; and  the 
general  statement  is  true,  that  milk  best  suited  to  butter  is  most 
profitable  for  cheese.  The  data  regarding  cheese  made  from  the 
milk  of  pure-bred,  cows  of  different  breeds  is  meagre,  but  the 
principle  stated  is  borne  out  by  experience  with  Jersey  milk. 
The  general  average  in  good  cheese-making  districts  is  ten  pounds 
of  cheese  to  every  hundred-weight  of  milk ; with  milk  from  pure 
Jerseys,  in  large  number,  on  the  common  factory  plan,  it  has  been 
found  that  the  same  weight  of  milk  will  give  over  twelve  pounds 
of  cheese,  a gain  of  more  than  25  per  cent,  in  quantity  of  product. 
At  several  public  exhibitions  in  Canada  during  recent  years,  and 
also  at  the  Ontario  Experiment  Farm,  the  milk  from  selected  cows 
of  different  breeds  has  been  tested  in  various  ways,  and  among 
the  rest  with  reference  to  the  available  curd  or  cheese-making 
qualities.  ( The  animals  being  few  in  number,  I do  not  regard 
these  results  as  alone  settling  any  points  of  comparison,  but  they 
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may  serve  in  corroboration  of  other  statements  made.)  The  de- 
tails have  been  widely  published,  so  it  is  sufficient,  for  present  pur- 
poses, to  state  the  general  results.  The  order  of  merit  as  cheese- 
makers  indicated  was  as  follows  : 1st  trial,  Jerseys,  Shorthorns, 
Ayrshires,  Guernseys,  Devons,  Galloways,  Holsteins,  Polled 
Aberdeens  ; 2d  trial,  Jerseys,  Ayrshires,  Shorthorns,  Holsteins  ; 
3d  trial,  Jerseys,  Ayrshires,  Devons.  In  the  second  trial,  the 
Ayrshires  led  on  quantity  of  curd  without  fat,  but  with  curd  and 
fat  took  second  place.  With  this  exception,  the  Jerseys  stood 
first  in  quantity  of  curd  as  well  as  of  fat.  In  regard  to  quantity 
of  caseine  alone,  in  the  milk  of  different  breeds,  the  table  previ- 
ously referred  to  shows  their  relation  with  approximate  accuracy, 
in  the  column  headed  “ Protein.” 

The  same  table  gives  the  differences  in  chemical  composition 
and  computed  value,  between  average  full-cream  cheese,  the  same 
made  from  pure  Jersey  milk,  half-skim  cheese,  and  that  made  from 
skim-milk  and  from  whey.  There  is  very  little  light  here  as  to 
the  merits  of  different  breeds  of  cattle  as  respects  the  quality  of 
cheese  made  from  their  milk,  although  the  surprising  fact  is  shown 
that  Jersey-made  cheese  is  so  much  richer  in  both  caseine  (pro- 
teids)  and  fat,  that  it  is  worth  a cent  more  a pound  than  the  aver- 
age full-cream  cheese  of  America,  as  an  article  of  nutritious 
food.  Upon  this  point,  Prof.  Arnold  says  in  his  American  Dairy- 
ing: “The  business  of  the  Jersey  cow  is  emphatically  that  of 
butter-making.  Her  milk,  however,  is  rich  in  cream  matter,  and, 
contrary  to  the  general  belief,  is  capable  of  making  as  fine  cheese 
as  it  does  butter.  It  is  a new  feature,  worthy  of  note  in  the  uses 
of  this  breed  of  cattle,  that  their  milk  can,  without  the  waste  of 
its  buttery  matter,  be  converted  into  a strictly  fancy  cheese,  as 
rich  as  English  Stilton.  Analyses  of  cheese  from  pure  Jersey 
milk,  made  at  Cornell  University,  have  shown  over  40  per 
cent,  fat.” 

The  table  upon  which  we  have  been  depending  gives  so  little  in 
regard  to  differences  in  cheese,  that  I append  another,  with  con- 
siderably more  data  in  this  connection  : — 
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Table  of  Analyses  of  Different  Kinds  of  Cheese. 


Description  of  Cheese — 100  Pounds. 

Water. 

lbs. 

Fat. 

lbs. 

Protein  or 
Curd, 
lbs. 

Ash. 

lbs. 

1.  Average  of  83  samples  Full- 
cream  Cheese, 

35.75 

30.43 

27.16 

4.13 

2.  Average  of  21  do.,  N.  Y.  State 
Dairy  Commissioner’s  Report, 

27.82 

28.61 

38.10 

4.39 

3.  Full-cream,  premium  at  F.  Y. 
State  Fair.  (Flint’s  Dairy 
Farming ; of  pure  Jersey  milk) , 

38.46 

31.86 

25.87 

8.81 

4.  Full-cream,  premium  at  F.  Y. 
State  Fair,  .... 

28.37 

31.28 

30.52 

3.83 

5.  Full-cream,  premium  at  F.  Y. 
State  Fair,  .... 

28.62 

29.90 

37.66 

3.82 

6.  Full-cream,  premium  at  FT.  Y. 
State  Fair,  .... 

33.75 

28.95 

33.70 

3.60 

7.  Full-cream,  premium  at  F.  Y. 
State  Fair,  .... 

28.11 

41.03 

28.18 

2.68 

8.  English  average,  by  Sir  Lyon 

Playfair, 

9.  English  Cheddar,  two  years  old, 

Prof.  Johnston, 

38.78 

25.30 

31.02 

4.90 

36.04 

30.40 

28.98 

4.58 

10.  English  Double  Gloucester,  one 
year  old,  Prof.  Johnston, 

35.81 

21.97 

37.96 

4.25 

11.  English  Forth  Wilts,  one  year 
old,  Prof.  Johnston, 

36.34 

28.09 

31.12 

4.41 

12.  Half-skim,  average  of  8 Eng- 
lish samples,  .... 

46.82 

20.54 

27.62 

3.05 

13.  Half-skim,  F.  Y.  State, 

38.25 

19.93 

38.48 

3.24 

14.  Skim-milk,  average  of  9 Eng- 
lish samples,  .... 

48.02 

8.41 

32.65 

4.12 

15.  Skim-milk,  English,  one  year  old, 

43.82 

5.98 

45.04 

5.18 

16.  Whey  Cheese,  average  6 samples, 

23.57 

16.26 

8.88 

4.76 

One  product  of  the  dairy  only  remains  to  be  considered.  This 
is  butter,  — the  culmination  of  the  dairyman’s  art.  This  great 
delicacy  consists  of  the  natural  fat  of  the  milk,  with  some  water, 
and  should  contain  nothing  else,  except  as  we  choose  to  flavor  it 
with  salt.  The  perfection  of  butter-making  is  to  secure  these 
fats,  separated  from  the  serum  or  fluid  of  the  milk,  and  gathered 
in  a mass,  with  as  little  chemical  and  physical  change  as  possible. 
So  it  may  be  said  that  we  get  the  butter  from  the  milk,  rather  than 
“make”  it.  Unfortunately,  perfection  has  not  been  reached  in 
this  art,  and  there  is  always  present  in  butter,  mingled  with  the 
fats  and  mainly  dissolved  in  the  water,  more  or  less  of  the  protein 
or  curd  and  of  the  sugar  of  milk.  It  is  these  constituents  which 
play  the  mischief  with  butter,  by  starting  the  chemical  changes 
leading  to  rancidity  and  decomposition,  and  which  we  conse- 
quently endeavor  to  reduce  to  the  minimum. 
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While,  therefore,  in  nearly  all  other  food  products,  the  presence 
of  protein  (because  of  its  high  nutrient  quality)  adds  to  the  value 
of  the  article,  — if  we  place  butter  at  all  in  the  list  of  foods, 
that  which  has  the  highest  nutrient  value  is  the  poorest  in  those 
qualities  which  go  to  make  fine  butter.  We  buy  butter  for  its  fat, 
and  the  more  fat  and  the  less  water  and  protein,  the  better  it  is,  as 
butter.  In  our  table  comparing  foods,  there  are  averages  given  of 
butter  of  different  kinds,  and,  for  the  reasons  stated,  the  best 
butter  is  designated  by  the  highest  figures  in  the  column  of  carbo- 
hydrates, and  not  in  the  “ Value  ” column. 

Examining  butter  in  detail,  it  is  found  to  be  composed  of  very 
complex  fats,  the  chemist  naming  eight  or  ten,  which  number  he 
divides  about  equally  into  insoluble  fatty  acids  and  volatile  fatty 
acids  ; also,  in  their  combination  with  glycerine,  into  solid  fats 
and  fluid  fats.  It  is  not  my  purpose,  however,  to  go  into  these 
details,  but  to  call  attention  to  the  differences  in  butter,  as  it 
usually  exists.  Among  the  many  writings  upon  the  composition 
of  butter  none  has  seemed  to  me  so  ingenious  and  painstaking  in 
method,  or  practical  in  conclusion,  as  the  work  of  Dr.  S.  M. 
Babcock,  chemist  of  the  New  York  Agricultural  Experiment 
Station  at  Geneva.  At  the  annual  fat  stock  and  dairy  shows  in 
Chicago,  in  1885  and  1886,  and  at  the  Bay  State  Agricultural 
Society’s  fair  at  Boston,  in  October,  1886,  I was  able  to  secure 
for  this  gentleman  samples  of  the  premium  butters  of  known 
origin,  — the  certificate  of  the  maker,  as  to  the  method  and  breed 
of  the  cows  giving  the  milk,  accompanying  every  exhibit.  Upon 
these  Dr.  Babcock  pursued  his  investigations,  and  he  personally 
obtained  another  set  of  samples  of  butter,  with  the  history'  of  each, 
at  the  New  York  Dairy  and  Cattle  Show,  May,  1887.  Based 
upon  his  examinations  of  this  last  lot,  Dr.  Babcock  prepared  his 
report  upon  “ Variations  in  the  Composition  of  American  Butters,” 
which  I have  already  mentioned,  and  to  some  parts  of  which  I 
now  wish  to  refer.  The  butters  upon  which  he  worked,  and 
which  gave  the  results  presented  in  his  tables  (see  Proceedings  of 
Society  for  the  Promotion  of  Agricultural  Science,  eighth  meeting, 
New  York  City,  August,  1887,  page  17),  were  twenty-six  in 
number,  seven  being  from  Jersey  cows,  seven  from  pure  Holstein- 
Friesians,  two  from  pure  Guernseys,  one  from  Ayrshire,  and  nine 
of  premium  butter  from  mixed  milk,  no  special  breed  predomi- 
nating. 

These  samples  were  examined  to  determine  the  variation  liable 
to  occur  in  the  best  grades  of  American  butters,  and  especially  to 
note  how  far  these  variations  might  be  attributed  to  breed  and  to 
the  individuality  of  the  cow.  (Some  of  the  samples  representing 
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each  breed  were  from  the  milk  of  a single  registered  cow.)  The 
general  determinations  were  noted  as  a matter  of  some  interest, 
but  attention  was  mainly  devoted  to  the  composition  of  the  butter 
fats.  The  following  are  the  average  extreme  figures  for  these 
prize  butters,  and  probably  fairly  represent  the  average  composition 
of  first-class  butter  in  this  country  : — 


Water. 

Fat. 

Ash. 

Curd. 

Highest, 

13.16 

87.87 

4.23 

1.02 

Average, 

10.82 

86.44 

2.14 

0.60 

Lowest, 

9.26 

83.19 

0.96 

0.34 

It  may  be  noted  that  these  butters  averaged  better  than  those  in 
the  food  table,  the  average  here  being  about  equal  to  the  Ayrshire 
butter  in  that  table,  and  the  poorest  here  being  rather  better  than 
the  poorest  there.  (It  should  also  be  stated  that  none  of  the 
milk  and  butter  of  these  and  other  recent  examinations  by  Dr. 
Babcock  are  included  in  the  averages  of  the  food  tables  previously 
noticed.) 

The  further  examinations  comprised  determinations  of  the  rela- 
tive quantity  of  volatile  fatty  acids  ; of  insoluble  acids,  by  what  is 
called  the  “Iodine  Number”  ; of  the  melting  point ; and  a test  de- 
vised by  Dr.  Babcock  of  the  viscosity  of  soap  solutions  made  from 
butter.  The  technology  of  the  chemical  processes  it  is  hardly 
desirable  to  describe  here,  but  they  are  necessarily  referred  to  by 
their  peculiar  names  in  the  following  abstract  from  Dr.  Babcock’s 
table  and  his  deductions  from  it : — 


Comparisons  of  Butters  from  Different  Breeds  of  Cows. 


BREED. 

Iodine 

Number. 

Melting 

Point. 

Viscosity 

Number. 

Jersey, 

31.2 

■ Per  cent. 

34.0 

74 

Guernsey,  .... 

31.5 

33.3 

110 

Ayrshire, 

37.8 

33.5 

66 

Holstein, 

40.0 

33.4 

237 

All  others,  .... 

35.6 

33.8 

93 

Average  of  all, . 

35.6 

33.7 

1 

127 

The  volatile  fatty  acids  are  not  included  in  the  table,  because  it 
was  found  that  while  the  individual  variations  within  all  the  breeds 
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was  very  great,  the  influence  of  breed  did  not  appear  in  this 
particular. 

The  insoluble  fatty  acids  were  found  quite  constant  in  amount, 
but  very  variable  in  composition.  The  “Iodine  Number ” indi- 
cates the  relative  proportion  of  oleic  acid  and  the  absolute  quantity 
of  this  soft  fat  in  the  total  fats  of  the  butter.  “ The  influence  of 
breed  upon  this  factor  is  very  great ; one  of  the  most  marked 
characteristics  of  Holstein  butter,  when  compared  with  that  of  the 
Jersey  or  other  breeds,  being  shown  in  its  high  per  cent,  of  olein. 
This  renders  butter  less  firm  in  warm  weather,  although  it  does 
not  materially  lower  the  true  melting  point.”  (The  quotations 
are  from  Dr.  Babcock’s  article.  He  preferred  to  compare  Holstein 
and  Jersey  butter  because  they  showed  the  greatest  contrast,  and 
also  because,  having  several  samples  of  each,  equal  in  number, 
the  averages  were  deemed  more  reliable  than  those  of  the  other 
breeds  of  which  he  had  only  one  or  two  samples.) 

The  melting  point  is  expressed  in  degrees  of  the  Centigrade 
thermometer,  and  the  record  illustrates  the  observed  fact  that  it 
requires  a higher  degree  of  temperature  to  melt  Jersey  butter 
than  the  average. 

From  a test  not  shown  by  the  above  abstract  from  his  table,  Dr. 
Babcock  determined  ‘ 1 that  the  proportion  of  palmitic  and  other 
fatty  acids  of  less  molecular  weight  than  oleic  and  stearic,  is  con- 
siderably greater  in  Jersey  than  in  Holstein  butter.” 

The  viscosity  test  indicated  breed  peculiarities  very  clearly,  as 
well,  in  the  composition  of  butter  from  single  cows  not  shown  by 
other  methods.  This  is  a very  clever  method  of  testing,  and  espe- 
cially applicable  to  the  detection  of  adulterants  in  butter ; it  is 
fully  explained  in  the  Report  of  the  N.  Y.  Agricultural  Experi- 
ment Station  for  1886.  In  this  instance,  the  pure  Holstein  but- 
ters had  an  average  viscosity  of  237,  ranging  from  112  to  461  ; 
the  pure  Jersey  butters  averaged  74,  and  ranged  from  50  to  103. 
These  numbers  are  relative  only,  but  representative  of  a marked 
contrast.  Dr.  Babcock  says,  “ The  other  conclusions  in  regard 
to  the  differences  which  exist  between  Jersey  and  Holstein  butters 
are  confirmed  by  the  viscosities  of  their  soap  solutions,”  (i.  e.,  by 
his  viscosity  test) . 

Although  these  fine  analytical  tests  may  not  be  well  understood 
by  these  brief  technical  references,  it  seemed  proper  to  adhere 
closely  to  the  conclusions  of  the  original  report,  before  stating  the 
practical  deductions.  Now,  as  to  the  latter:  “The  influence  of 
breed  of  the  cow  upon  the  composition  of  the  butter  fat  is  no  less 
marked  than  it  is  upon  the  composition  of  the  milk,  and,  contrary 
to  general  acceptation  (this  statement  is  based  upon  other  investi- 
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gations) , that  does  not  appear  to  be  materially  affected  by  the  char- 
acter of  the  food.”  (Dr.  Babcock.)  Among  the  effects  of  breed 
thus  noted,  are  those  differences  in  butter  which  relate  to  its  firm- 
ness, resistance  to  heat,  texture  or  “ grain,”  flavor  and  general 
high  quality,  by  reason  of  a larger  proportion  of  the  more  delicate 
fats.  In  all  these  particulars,  butter  from  pure  Jersey  milk  ex- 
cels, while  that  from  other  breeds  follows  in  the  order  given  in  the 
last  table. 

In  conclusion,  it  is  hoped  that  facts  of  a reliable  character  have 
been  herein  presented  in  sufficient  number  and  with  such  reasonable 
distinctness  as  to  show  the  great  differences  which  occur  in  dairy 
products,  — milk,  cheese  and  butter,  — the  influence  of  breeds  of 
cattle  in  causing  these  differences,  and  the  consequent  practical 
value  of  a study  of  this  subject  when  selecting  stock  for  the  profit- 
able conduct  of  any  branch  of  dairying. 


THE 

ORTHOPTERA  OF  NEW  ENGLAND. 


Designed  for  the  use  of  the  Students  in  the  Massachusetts  Agricultural 
College,  and  the  Farmers  of  the  State. 
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THE 


ORTHOPTERA  OF  NEW  ENGLAND. 


INTRODUCTION. 

The  insects  belonging  to  the  order  Orthoptera  are  almost  with- 
out exception  injurious  to  our  cultivated  crops,  our  forest  and 
shade  trees,  or  become  a nuisance  in  our  houses,  and  therefore 
demand  the  careful  attention  of  the  student  of  agriculture  and  the 
practical  farmer. 

It  has  been  our  aim  to  present  the  subject  in  as  simple  a manner 
as  possible,  and  as  free  from  difficult  terms  as  is  consistent  with 
scientific  accuracy,  so  that  any  intelligent  farmer  may  be  able  to 
determine  any  orthopterous  insects  he  may  find  destroying  his  crops, 
and  learn  what  means  have  been  suggested  for  their  destruction  or 
for  holding  them  in  check.  To  give  completeness  to  the  work,  all 
the  New  England  species  are  here  described,  the  greater  part  of 
them  having  already  been  found  within  the  limits  of  the  State  of 
Massachusetts. 

In  the  preparation  of  this  work  I have  made  free  use  of  the 
writings  of  others,  especially  the  works  of  Stal,  Saussure  and 
Scudder.  In  fact,  any  work  on  the  North  American  Orthoptera 
must  be  based  more  or  less  on  the  writings  of  Mr.  Scudder,  our 
highest  authority  on  this  order,  whether  recent  or  fossil,  and  to 
this  gentleman  I am  indebted  more  than  I can  well  express  for 
personal  assistance  in  this  work.  All  errors  and  erroneous  con- 
clusions must  be  laid  to  my  charge,  and  not  to  any  advice  from 
him.  I am  also  under  obligations  to  Profs.  A.  S.  Packard  and  C. 
V.  Riley  for  illustrations,  as  well  as  to  Mrs.  Tenney  for  illustra- 
tions from  Tenney’s  Natural  History. 

CHARACTERS  OF  THE  ORDER. 

If  we  omit  the  Earwigs  ( Forficulidce ) , as  has  been  urged  by  Dr. 
Packard  and  some  others,  the  Orthoptera  form  quite  a compact 
and  natural  order,  which  may  be  briefly  defined  as  follows.  The 
fore  wings  are  somewhat  thickened  (not  as  much  as  in  the  beetles) , 
and  are  not  used  in  flight,  but  as  wing  covers.  The  hind  wings 
are  thin  and  membranous,  and  are  the  true  organs  of  flight. 
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They  are  folded  up  lengthwise  like  a fan.  and  concealed  beneath 
the  wing  covers  when  at  rest.  A few  of  the  species  have  the 
wings  or  wing  covers,  one  or  both,  much  shortened  or  entirely 
wanting.  The  mouth  has  jaws  which  move  laterally  against  each 
other,  and  they  are  used  for  biting  or  chewing. 

The  Orthoptera  have  an  incomplete  transformation  from  the  egg 
to  the  adult  state  ; that  is,  they  have  no  period  of  inactivity,  but 
closely  resemble  the  adult  from  the  time  they  leave  the  egg,  except 
in  size  and  the  absence  of  wings  and  wing  covers. 

This  order  is  represented  in  New  England  by  the  following 
families  : — 


Gryllid^e, 

Locustid^e, 

ACRIDIDiE, 

Phasmid^e, 

Blattid^e, 


which  include  the  Crickets, 
which  include  the  Katydids, 
which  include  the  Grasshoppers, 
which  include  the  Walking-sticks, 
which  include  the  Cockroaches. 


EXTERNAL  ANATOMY. 

To  enable  one  to  determine  the  species  of  the  Orthoptera,  it  is 
necessary  to  gain  some  acquaintance  with  the  external  parts  and 
their  names.  For  this  purpose  we  have  introduced  a brief  descrip- 
tion of  the  anatomy  of  a grasshopper,  with  illustrations,  which  will 
serve  for  the  whole  order. 

An  insect  may  be  divided  into  three  parts : head , thorax  and 
abdomen.  The  thorax  may  be  subdivided  into  prothoraa j,  meso- 
thorax  and  metatliorax.  See  Fig.  1 . The  head  bears  a pair  of 
jointed  antennae , two  large  compound  eyes,  three  ocelli  or  simple 
eyes  (sometimes  wanting)  and  the  mouth  parts.  Fig.  1.  The 
mouth  parts  consist  of  an  upper  lip  or  labrum , a broad  flap  which 
closes  over  the  mouth  in  front,  a pair  of  jaws  or  mandibles , one  on 
each  side,  which  move  laterally,  and  by  means  of  which  they  chew 
their  food.  Behind  the  mandibles  are  a pair  of  smaller  jaws,  called 
the  maxillae , which  also  move  laterally,  and  to  these  are  attached 
a pair  of  small  jointed  appendages,  called  the  maxillary  palpi. 
The  maxillae  are  accessory  jaws,  used  to  hold  and  arrange  the  food 
while  it  is  being  ground  by  the  mandibles.  Behind  the  maxillae 
is  the  lower  lip  or  labium , which  forms  the  lower  side  of  the  mouth, 
and  attached  to  this  are  a pair  of  jointed  appendages,  called  the 
labial  palpi.  See  Fig.  2,  where  the  mouth  parts  are  shown  sepa- 
rated from  each  other. 

The  prothorax  has  the  fore  legs  attached  to  its  under  side,  and 
the  part  between  the  base  of  these  legs  is  the  prosternum , which  is 
sometimes  a smooth  piece  extending  from  one  leg  to  the  other,  and 
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sometimes  it  has  a prominent  spine  arising  from  the  middle.  In 
some  families  more  than  one  spine  arises  from  the  prosternum. 
The  top  and  sides  of  the  prothorax  are  covered  by  one  continuous 
saddle-shaped  piece,  called  the  pronotum.  The  ridge  along  the 
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middle  of  the  pronotum  is  called  the  median  carina.  The  form 
and  structure  of  this  piece  are  of  great  importance  in  classifica- 
tion. 

The  mesothorax,  or  middle  thorax,  has  the  second  pair  of  legs 
attached  to  its  under  side,  and  the  first  pair  of  wings,  or  fore  wings, 


i 


attached  to  its  upper  side.  These  fore  wings  are  of  a denser  text- 
ure than  the  hind  wings,  and  are  often  called  wing  covers,  elytra 
or  tegmina. 

The  metathorax  has  the  hind  legs  attached  to  its  under  side,  and 
the  hind  wings,  or  true  organs  of  flight,  attached  to  its  upper  side. 
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These  wings  fold  lengthwise  like  a fan,  and  are  concealed  beneath 
the  fore  wings  when  the  insect  is  at  rest. 

The  abdomen  consists  of  a series  of  rings,  or  segments,  more 
or  less  movable  on  each  other,  and  has  the  external  organs  of  re- 
production at  the  end.  On  each  side  of  the  first  segment  is  a large 
auditory  sac,  and  near  it  a spiracle , and  there  is  a row  of  similar 
spiracles  along  each  side  of  the  abdomen,  as  shown  in  Fig.  1. 
These  spiracles  are  holes  which  allow  the  air  to  pass  into  the 
respiratory  system  within  the  body.  A cross  section  of  the  abdo- 
men is  shown  in  Fig.  2,  A. 

The  legs  are  attached  to  the  body  by  three  pieces,  called  trochan- 
ter, trochantin  and  coxa.  Each  leg  consists  of  three  parts : the 
femur , the  tibia  and  the  tarsus , but  the  tarsus  has  several  joints, 
the  last  one  ending  with  a pair  of  diverging  claws.  There  is  some- 
times a small  cushion,  or  pad,  between  these  claws,  called  the 
pulvillus.  See  Fig.  2. 

In  the  female,  Fig.  2,  B,  the  abdomen  tapers  somewhat  towards 
the  end,  to  which  are  appended  the  two  pairs  of  stout,  somewhat 
curved  spines,  called  valves , which  form  the  ovipositor.  Fig.  2,  B, 
r,  r'.  The  anus  is  situated  above  the  larger  and  upper  pair,  the 
external  opening  of  the  oviduct  being  between  the  lower  pair  of 
spines,  and  bounded  beneath  by  a triangular,  acute  flap,  which 
serves  as  an  egg  guide.  Fig.  2,  B,  e-g , and  Fig.  3.  At  the  time 
of  egg-laying,  the  abdomen  may  be  lengthened  to  nearly  twice  its 
usual  proportions.  The  ovipositor  varies  considerably  from  the 
above  description,  in  some  families. 

The  end  of  the  male  abdomen  is  usually  blunt  and  more  or  less 
turned  up,  the  space  above  being  more  or  less  covered  with  the 
supra-anal  plate,  Fig.  1,  s,  upon  which  rest  the  marginal  apophyses, 
Figs.  1 and  2,/,  which  arise  from  the  middle  of  the  hinder  edge  of 
the  last  dorsal  segment.  On  each  side  of  the  supra-anal  plate  is  a 
more  or  less  flattened  and  pointed  appendage  ; these  are  the  anal 
cerci.  Figs.  1 and  2.  In  some  families  they  are  developed  into 
long,  tapering,  jointed  appendages. 

INTERNAL  ANATOMY. 

The  internal  anatomy  of  a grasshopper  ( Melanoplus  femur  - 
rulrum)  is  shown  in  part  in  Fig.  3,  where  the  oesophagus  arises 
from  the  mouth  m,  and  curves  backward  into  the  crop,  which  is 
very  large,  and  occupies  a central  position  in  the  thorax.  It  is  in 
the  crop  that  the  “ molasses,”  thrown  out  by  the  insect  when  cap- 
tured, is  produced,  and  which  consists  of  partially  digested  food. 
The  stomach  is  much  smaller  in  diameter  than  the  crop,  and  lies 
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below  the  middle  line  in  the  forward  half  of  the  abdomen.  From 
the  forward  end  of  the  stomach  arise  six  large  appendages,  called 
gastric  coeca;  and  from  the  hinder  end,  where  the  stomach  connects 
with  the  ileum,  arise  a large  number  of  fine  tubes,  much  convoluted, 
and  wound  around  the  intestine.  These  are  called  the  urinary 
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tubes,  Fig.  3,  wr.,  and  are  supposed  to  correspond  to  the  kidneys 
of  higher  animals.  The  ileum  is  much  smaller  than  the  stomach, 
and  has  numerous  longitudinal  ridges  on  its  surface.  The  next 
division  of  the  digestive  system  is  the  colon,  which  is  smaller  than 
the  ileum,  has  a smooth  surface,  is  somewhat  twisted,  and  ends  in 
the  much  enlarged  rectum,  which  ends  in  the  anus,  at  the  extremity 
of  the  abdomen.  The  rectum  has  six  large  rectal  glands  on  the 
outside,  the  nature  of  which  is  uuknown.  The  salivary  glands  are 
shown  in  Fig.  3,  sal.,  extending  from  beneath  the  gastric  coeca 
forward  to  the  mouth,  where  they  empty  their  secretions. 

The  ovaries,  Fig.  3,  ov .,  form  a large  mass  before  the  eggs  are 
laid,  and  crowd  the  intestine  somewhat  out  of  place.  The  heart, 
Figs.  3 and  4.,  consists  of  a long  tube  lying  along  the  abdomen 
just  beneath  the  upper  side,  and  has  six  enlarged  places  along  its 
course,  probably  where  valves  are  situated  within.  The  blood 
flows  through  this  tubular  heart  toward  the  head,  and  flows  back 
again  among  the  viscera,  bathing  the  surface  of  all  the  organs  of 
the  body. 

All  insects  breathe  by  means  of  a complicated  system  of  air 
tubes  distributed  throughout  the  body,  the  air  entering  through 
the  spiracles  or  breathing  holes  which  are  arranged  in  a row  along 
each  side  of  the  body.  From  these  spiracles  air  tubes  pass  in,  a 
short  distance,  connecting  with  tubes  on  each  side  which  extend 
through  the  abdomen  into  the  thorax.  Fig.  4,  S. 

Branches  extend  from  these  tubes  to  a similar  pair  near  the 
back,  Fig.  4,  D,  and  another  pair  along  the  under  side,  Fig.  4,  V. 
The  tubes  send  out  numerous  branches  which  divide  and  sub- 
divide, the  ultimate  ends  of  which  are  closed.  The  blood,  as  it 
flows  from  the  head,  bathes  these  tubes  (called  tracheae ),  and  is 
purified,  as  in  the  human  lungs.  In  addition  to  the  above  system 
of  air  tubes,  those  species  which  take  long  flights  have  a series  of 
air  sacs  connected  with  the  air  tubes.  See  Fig.  4,  1-7,  and  I, 
II,  III. 

The  nervous  system  consists  of  a series  of  nerve  centers 
(ganglia),  which  are  double,  though  quite  fully  fused  together. 
These  are  connected  by  two  cords,  which  are  united  in  some  parts 
of  the  body,  but  distinct  in  others. 

The  first  ganglion,  Figs.  3,  sp.,  and  5,  is  situated  near  the 
central  part  of  the  head,  and  sends  nei'ves  to  the  ocelli,  antennae 
and  eyes  ; and  the  nervous  cord  which  connects  this  ganglion  with 
the  second  separates,  allowing  the  oesophagus  to  pass  through  the 
opening.  The  second  ganglion  sends  nerves  to  the  mouth  parts, 
the  third  to  the  fore  legs,  the  fourth  to  the  middle  legs  and  fore 
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wings,  the  fifth  to  the  hind  legs  and  hind  wings,  and  the  remain- 
ing ganglia  send  nerves  to  the  various  parts  of  the  abdomen. 

The  sense  of  sight  is  undoubtedly  well  developed  in  those 
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Orthoptera  which  have  eyes.  The  sense  of  feeling  probably  exists 
over  the  surface  of  the  body  to  a slight  degree,  but  to  a very  great 
degree  in  the  palpi  and  antennae. 
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The  sense  of  hearing  is  possessed  by  nearly  if  not  all  the 
Orthoptera.  The  ears  or  auditory  sacs  in  grasshoppers  are  situ- 
ated on  the  sides  of  the  first  segment  of  the  abdomen.  Fig.  1. 


SYNOPSIS  OF  THE  FAMILIES. 

The  New  England  Orthoptera  may  be  separated  into  families  by 
means  of  the  following  table,  in  which  each  figure  on  the  right 
leads  to  the  same  one  on  the  left : — 

j f Hind  legs  longest ; hind  femora  thickened ; (jumpers)  . . .4. 

I Legs  of  nearly  equal  length ; hind  femora  not  thickened  (runners),  2. 
2 f Abdomen  with  a forceps-like  appendage  at  the  end,  Forficulid^e. 

I Abdomen  without  a forceps  at  the  end 3. 

g / Body  oval  and  flattened Blattid^e. 

I Body  long  and  slender Phasmid^e. 

^ f Antennas  shorter  than  the  body AcrididjE. 

I Antennae  longer  than  the  body 5. 

g f Wing  covers  flat  above,  but  bent  abruptly  down  at  the  sides,  Gryllidjs. 
\ Wing  covers  sloping  down  on  the  sides  ....  Locustida:. 


Family  GRYLLID^E. 


Crickets. 

Body  somewhat  cylindrical.  Head  large  and  free.  Antennae 
long,  slender,  tapering  and  many  jointed.  Eyes  elliptical,  and 
ocelli  present.  Labrum  nearly  circular,  and  maxillary  palpi  with  the 
last  joint  enlarged  at  the  end  (except  in  Nemobius) . Wing  covers 
in  the  male  with  a stridulating  organ.  Wings  folded  lengthwise, 
their  pointed  ends  sometimes  extending  beyond  the  wing  covers. 
Wings  and  wing  covers  often  shortened,  or  wholly  wanting.  Or- 
gans of  hearing,  when  present,  situated  on  the  fore  tibiae.  Tarsi 
three-jointed,  without  pads  between  the  claws.  They  stridulate  or 
make  their  chirping  noise  by  rubbing  the  wing  covers  together. 

The  Genera  of  the  Gryllidae  may  be  separated  by  the  following 
table : — 


1. 

2. 

3. 


4. 


f Fore  tibiae  broad 2. 

I Fore  tibiae  slender 3. 

T Length  more  than  one-third  of  an  inch  . . . Gryllotalpa. 

I Length  less  than  one-third  of  an  inch  ....  Tridactylus. 

f Hind  thighs  slender (Ecanthus. 

I Hind  thighs  stout 4. 

'Last  joint  of  maxillary  palpi  nearly  the  same  length  as  the 

one  preceding Gryllus. 

Last  joint  of  maxillary  palpi  twice  as  long  as  the  one  pre- 
ceding   Nemobius. 
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Genus  Tridactylus.  Olivier  (1789). 

Body  somewhat  depressed,  the  surface  punctured  and  glassy. 
Head  and  pronotum  convex  and  slightly  depressed.  Antennae  in- 
serted beneath  the  eyes,  and  in  a very  lateral  position.  Eyes  oval, 
very  distant  from  each  other,  and  slightly  projecting.  Ocelli 
placed  in  a line  between  the  eyes,  the  two  lateral  ones  against  the 
eyes,  and  the  third  (sometimes  obsolete)  between  them.  Second 
joint  of  labial  palpi  and  third  joint  of  maxillary  palpi  not  dilated. 

Elytra  horny  and  opaque,  not  reaching  to  the  end  of  the  abdo- 
men. Wings  much  longer,  and  folded  lengthwise  like  a fan.  In 
the  colder  latitudes  the  wings  are  sometimes  imperfect.  Anterior 
tibiae  dilated,  and  armed  at  the  end  with  four  slightly  curved 
spurs ; the  inside  of  the  tibiae  with  a groove  in  which  the  tarsus 
may  be  lodged.  Middle  tibiae  with  their  edges  ciliated,  and  their 
four  apical  spurs  very  short.  Fore  and  middle  tarsi  with  the  first 
joint  much  shorter  than  the  third,  and  the  second  joint  very  short. 
End  of  hind  tibiae  with  four  spurs  finely  hooked  at  the  end.  Hind 
edges  of  these  tibiae  often  dentate.  There  are  four  pairs  of  mova- 
ble paddle-shaped  organs  near  the  outer  end.  Upper  cerci  (anal 
appendages)  composed  of  two  joints,  the  lower  ones  entire  and 
blunt. 


Tridactylus  terminalis.  Scudder. 

Length,  from  one-third  to  one-fourth  of  an  inch. 

Head  and  thorax  pitchy  black,  sometimes  with  reddish-brown 
spots.  Hind  femora  with  two  broad  transverse  white  bands,  and 
a white  spot  near  the  end.  The  wings  reach  to  the  end  of  the 
abdomen.  — Cambridge , Mass. , Harris  Collection. 

Genus  Gryllotalpa.  Latreille  (1807). 

Mole-Crickets. 

Posterior  margin  of  the  sternum  of  the  eighth  abdominal  seg- 
ment, in  the  males,  entire.  Fore  tibiae  broad  and  flattened,  with 
four  spurs  at  the  end,  the  upper  two  movable,  the  lower  two 
immovable.  Hind  femora  shorter  than  the  prothorax.  First  joint 
of  hind  tarsi  unarmed  or  obscurely  spined  at  the  tip.  The  fore 
legs,  being  very  stout  and  strong,  are  admirably  adapted  for  dig- 
ging. Wing  covers  seldom  reach  beyond  the  middle  of  the  abdo- 
men. Anal  cerci  longer  than  pronotum. 
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Gryllotalpa  borealis.  Burmeister. 

The  Common  Mole-Cricket.  (Fig.  6.) 

Length,  one  inch  and  one-fourth. 

Color,  dark  cinnamon  brown,  and  covered 
with  very  fine  short  hairs.  Wing  covers  less 
than  half  the  length  of  the  abdomen,  the 
wings,  when  folded,  extending  only  about  an 
eighth  of  an  inch  beyond  them. 

u Sides  of  ponds,  burrowing  in  moist  earth.” 
This  species  occurs  very  generally  east  of  the 
Rocky  Mountains. 

Gryllotalpa  Columbia.  Scudder. 

This  species  does  not  differ  in  any  respect 
from  G.  borealis , as  stated  by  Mr.  Scudder, 
save  in  the  larger  size,  and  comparatively 
greater  breadth  of  the  wing  covers,  which 
cover  rather  more  than  half  of  the  abdomen,  and  in  the  much 
greater  length  of  the  wings,  which  extend  considerably  beyond 
the  extremity  of  the  abdomen. 

This  species  has  been  taken  in  Massachusetts,  Maryland  and 
Washington,  D.  C. 

The  mole-crickets  have  often  done  great  damage  in  Europe, 
where  they  burrow  under  the  turf  in  moist  gardens  and  meadows, 
and  feed  on  the  tender  roots  of  many  kinds  of  plants.  They  are 
also  said  to  feed  on  other  insects  and  worms,  so  that  they  are 
undoubtedly  omnivorous  in  their  habits. 

Genus  Gryllus.  Linneus  (1758). 

Crickets. 

Stout-bodied  insects.  Head  large  and  globose  ; eyes  large  and 
rounded  ; three  ocelli  present,  the  middle  one  between  the  anten- 
nae, and  elongated  transversely.  Antennae  as  long  or  longer  than 
the  body,  and  gradually  tapering  towards  the  end.  Last  joint  of 
maxillary  palpi  but  little,  if  any,  longer  than  the  one  before  it. 
Pronotum  of  the  same  width  as  the  head. 

Feet  stout,  and  slightly  lengthened.  Femora  compressed  ; hind 
femora  much  enlarged,  even  to  the  end.  Fore  tibiae  with  a large 
oval  drum  on  the  outside,  and  a smaller,  round  drum  on  the  oppo- 
site side  (auditory  sacs).  Hind  tibiae  with  a double  row  of 
from  four  to  seven  spines.  Tarsi  slender  and  elongated ; a 


Fig.  6. 
Gryllotalpa 
borealis. 
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groove  along  the  middle  of  the  upper  side  of  hind  tarsi,  with  a 
row  of  short  spines  along  each  side  of  it.  Anal  cerci  tapering, 
jointed,  nearly  as  long  as  the  abdomen,  and  present  in  both  sexes. 
Ovipositor  often  longer  than  the  abdomen. 

Wing  covers  usually  well  developed,  flattened  above  and  strongly 
bent  down  at  the  sides.  In  the  females  they  are  generally  reticu- 
lated in  the  dorsal  field  by  more  or  less  regular,  lozenge-shaped 
spaces.  Wing  covers  of  the  males  provided  with  a well-devel- 
oped stridulating  organ,  with  two  to  six  quite  transverse  undulated 
or  arched  veins.  “Mirror”  rounded  behind,  and  divided  by  a 
broken  or  arcuate  vein.  The  wings  vary  much  in  length,  and  are 
sometimes  wanting. 

The  New  England  species  may  be  separated  as  follows  : — 

l f Ovipositor  as  long  as  the  body abbreviates. 

I Ovipositor  as  long  as  the  femur  and  half  the  tibia  . . luctuosus. 

Gryllus  abbreviatus.  Serville. 

Black ; elytra  fusco-testaceous  ; veins  testaceous  ; wings  want- 
ing ; ovipositor  as  long  as  the  body. 

Gryllus  luctuosus.  Serville. 

The  Common  Black  Cricket. 

Black  or  brownish  ; elytra  fusco-testaceous  or  black  ; wings  ex- 
tending to  the  end  of  the  abdomen,  or  wanting.  Ovipositor  as 
long  as  the  femur  and  half  of  the  tibia. 

Saussure  considers  G.  pennsylvanicus , Burm.,  a wingless  variety 
of  this  species;  and  he  also  considers  niger , Har.,  and  neglectus , 
Scudd  , varieties  of  the  same  species. 

The  species  are  so  variable  that  it  is  exceedingly  difficult  to  sep- 
arate them ; and  it  is  necessary  to  have  a long  series  for  exami- 
nation. 

Packard  states  that  crickets  lay  in  the  fall  three  hundred  eggs 
glued  together  in  a common  mass.  In  July  the  larvae  appear,  and 
by  the  last  of  August  the  grass  is  alive  with  them.  They  are 
quite  omnivorous  in  their  habits,  feeding  on  grass,  garden  vegeta- 
bles and  fruit,  to  which  they  do  much  injury. 

Genus  Nemobius.  Serville  (1839). 

The  insects  which  belong  to  this  genus  are  rather  small,  their 
bodies  and  legs  covered  more  or  less  with  hairs.  Head  orbicular, 
and  scarcely  wider  than  the  pronotum  ; front  of  head  obliquely 
flattened.  Ocelli  present,  but  the  one  in  the  middle  of  the  face  is 
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often  obliterated.  Last  joint  of  maxillary  palpi  twice  as  long  as 
the  one  before  it,  and  enlarged  at  the  outer  end,  which  is  obliquely 
truncate. 

Pronotum  square,  somewhat  narrowed  in  front,  the  forward  and 
hinder  edges  parallel. 

Elytra  with  but  few  veins  ; wings  present  or  absent  in  variations 
of  the  same  species. 

Feet  nearly  as  stout  as  in  Gryllus.  Anterior  tibiae  with  a small 
oval  drum  (auditory  sac)  on  the  outside,  near  the  upper  end. 
Hind  femora  short  and  stout.  Hind  tibiae  somewhat  compressed, 
and  armed  with  spines,  and  elongated,  movable,  pubescent  spurs. 
Three  or  four  pairs  of  spines  inserted  near  the  middle  line  of  the 
tibiae.  All  the  tarsi  elongated,  but  the  hind  tarsi  without  a longi- 
tudinal groove  above,  and  the  first  joint  with  two  spurs  at  the  end, 
the  inner  one  twice  as  long  as  the  outer,  and  reaching  nearly  to  the 
claws.  Anal  cerci  of  medium  length,  and  very  hairy. 

Nemobius  fasciatus.  De  Geer. 

The  Striped  Cricket. 

Brown,  with  the  head  fuscous,  and  with  four  dull,  yellowish- 
brown  lines  on  the  vertex.  Palpi  reddish  brown,  lighter  at  the 
end.  A dull,  yellowish-brown,  longitudinal  stripe,  more  or  less 
distinct,  on  each  side  of  pronotum.  Elytra  pale  brown,  a little 
shorter  than  the  abdomen,  with  the  humeral  bands  pale,  and  the 
lateral  ones  fuscous.. 

Legs  dark  brownish  yellow ; hind  femora  as  long  as  the  tibiae 
and  two-thirds  of  the  tarsi.  Hind  tibiae  with  four  pairs  of  spines 
before  the  terminal  spines. 

Ovipositor  as  long  as  the  femur  ; valves  crenulated  on  the  upper 
side  near  the  end. 

Saussure  makes  three  varieties  under  this  species,  as  follows  : — 

a.  Elytra  but  little  shorter  than  the  abdomen,  wings  long 

and  caudate N.  fasciatus. 

b.  Wings  wanting;  elytra  covering  about  half  of  the 

abdomen  . N.  vittatus. 

c.  Smaller  than  the  last,  otherwise  the  same  . . N.  exiguus. 

Very  common  in  the  fall,  in  company  with  the  larger  species. 

Genus  GEcanthus.  Serville  (J831). 

Body  very  slender,  smooth  or  slightly  pubescent,  and,  when 
alive,  of  a whitish  or  greenish-white  color. 

Head  elongated  and  directed  forward ; the  vertex  horizontally 
flattened  ; eyes  ovoid,  slightly  projecting  ; ocelli  wanting. 
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Palpi  filiform,  slightly  elongated,  the  last  joint  not  dilated. 

Antenme  very  long  and  tapering.  Pronotum  elongated,  very 
narrow,  contracted  in  front,  with  the  hinder  border  nearly  straight. 

Wing  covers  large,  reaching  beyond  the  end  of  the  abdomen. 
Wings  often  prolonged.  Legs  slender,  and  moderately  long. 
Tibiae  all  longer  than  the  femora,  those  of  the  first  two  pairs  with- 
out spurs  at  the  end ; the  first  pair  somewhat  dilated  above  the 
middle,  where  they  are  provided  with  a little  “ drum”  or  auditory 
sac  on  each  side.  Hind  femora  slightly  swollen ; tibiae  more  or 
less  spiny  ; tarsi  with  a pair  of  unequal  spurs  at  the  end  of  the 
first  joint. 

Abdomen  comparatively  slim,  armed  at  the  end  with  a pair  of 
tapering,  jointed,  and  hairy  cerci,  which  are  of  about  the  same 
length  as  the  abdomen. 


(Ecanthus  niveus.  Serville. 

Tree  Cricket.  (Fig.  7,  male;  Fig.  8,  female.) 

Length,  about  three-fourths  of  an  inch  to  the  ends  of  the  closed 
wings.  Color,  pale  whitish  green,  often  changing  to  a lighter  or 
darker  brown,  frequently  with  brownish  stripes 
on  the  head.  Two  short  black  lines,  one  beyond 
the  other,  on  the  under  side  of  the  base  of  the 
antennae. 

These  insects  arrive  at  maturity  in  the  autumn, 
when  the  singing  or  shrilling  of  the  males  may 
be  heard.  After  pairing,  the  female  forces  her 
ovipositor  into  the  tender  canes  or  branches  of 
the  raspberry,  grape,  plum,  peach  and  other 
trees,  depositing  her  eggs  in  a series,  as  shown  in 
Fig.  9.  The  canes  are  weakened  in  this  way,  and  break  down 
easily.  The  eggs  hatch  in  the  early  part  of  the  next  summer,  and 
the  young  feed  at  first  on  plant 
lice,  and  later  in  the  season  on 
the  ripe  fruits. 

The  infested  canes  may  be  cut  ascJhu.  nWeu*. 

off  and  burned  late  in  the  fall  or  Female,  side  view, 

early  in  the  spring ; and  the  mature  insects  maj7  be  killed  in  the 
fall  by  jarring  the  bushes  on  which  they  collect,  causing  them  to 
fall  to  the  ground,  where  they  may  be  crushed  under  the  feet. 


(Ecanthus  niveus. 
Male. 


102 


AGRICULTURAL  COLLEGE. 


[Jan. 


Family  LOCUSTID^S. 

Katydids. 

Head  placed  perpendicularly ; antennae 
longer  than  the  body,  slim,  tapering  and 
many  jointed.  Eyes  hemispherical,  ellipti- 
cal or  ovoid ; ocelli  nearly  always  wanting ; 
labrum  circular. 

Wings  and  wing  covers  generally  well 
developed,  though  sometimes  shortened  or 
wholly  wanting.  The  chirping  or  stridula- 
ting  organs  consist  of  a transparent  mem- 
brane, in  a more  or  less  rounded,  thick  ring, 
situated  in  the  anal  field  of  the  wing  covers 
of  the  male.  The  stridulation  is  made  by 
rubbing  the  bases  of  the  wing  covers  to- 
gether. Near  the  upper  end  of  the  fore 
tibiae  there  is  an  oval  cavity  covered  with 
a membrane  (auditory  sac).  Tarsi  four- 
jointed,  without  pulvilli  or  pads  between  the 
claws. 

The  New  England  Genera  may  be  sepa- 
rated by  means  of  the  following  table  : — 

f Wingless,  or  with  rudimentary  wings  and  wing  covers  . . 2. 


i Winged .3. 

{Wingless ; pronotum  not  covering  the  whole  top  of  the 

thorax Ceuthophilus. 

Pronotum  covering  the  w'hole  top  of  the  thorax  . . Thyreonotus. 

2 f Wing  covers  expanded  in  the  middle 4. 

I Wing  covers  not  expanded  in  the  middle 6. 

^ f Wing  covers  much  broader  in  the  middle,  concave  . Cyrtophyllus. 

I Wing  covers  somewhat  broadened  in  the  middle,  not  concave  . 5. 

5 f Ovipositor  very  small Microcentrum. 

I Ovipositor  of  medium  size Amblycorypha. 

g f Vertex  of  the  head  with  a conical  projection  forward . Conocephalus. 

I Vertex  of  the  head  without  a conical  projection  ....  7. 

^ / Ovipositor  straight,  or  nearly  so ; insect  small  . . Xiphidium. 

I Ovipositor  curved ; insect  large Scuadena. 


Genus  Ceuthophilus.  Scudder  (1862). 

“Head  rather  large,  oval;  antennae  long,  slender,  cylindrical; 
first  joint  as  broad  as  long,  larger  and  stouter  than  the  rest,  which 
are  about  equal  in  thickness,  gradually  tapering  to  the  extremity  ; 
second,  quite  short ; third,  longest ; the  remainder  unequal.  Eyes 
sub-pyriform,  sub-globose,  crowded  against  the  first  swollen  joint 


Fig.  9. 


Eggs  of  (Ecanthus. 

a.  Irregular  row  of  punc- 
tures. 

b.  The  same  laid  open. 

c.  An  egg  enlarged. 

d.  The  end  of  the  same. 
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of  antennae.  Maxillary  palpi  long  and  slender ; first  two  joints 
equal ; third  fully  equal  in  length  to  first  and  second  together ; 
fourth,  three-fourths  as  long  as  the  third ; fifth,  nearly  as  long  as 
third  and  fourth  together,  somewhat  curved,  swollen  towards 
extremity,  split  on  the  under  side  almost  its  entire  length.  Sides 
of  the  thoracic  nota  broad,  mostly  concealing  the  epimera  ; wings 
wanting ; legs  rather  long ; coxae  carinated  externally,  the  third 
pair  but  slightly,  the  first  pair  having  the  carina  elevated  into  a 
sharp,  the  second  into  a dull,  point  at  the  middle  ; first  two  pairs 
of  femora  mostly  wanting  spines  ; hind  femora  thick  and  heavy, 
turned  inward  at  the  base,  channelled  beneath.  Ovipositor  gener- 
ally rather  long,  nearly  straight,  but  a little  concave  above,  rounded 
off  somewhat  abruptly  at  the  extremity  to  the  sharp  upturned 
point.” 

Ceuthophilus  maculates.  Harris. 

The  Spotted , Wingless  Grasshopper. 

Length,  when  mature,  nearly  three-fourths  of  an  inch  ; entirely 
without  wings  and  wing  covers.  Pale  yellowish  brown,  somewhat 
darker  above,  and  covered  with  light-colored  spots.  Hind  femora 
marked  on  the  outside  with  short,  parallel,  oblique  lines.  Hind 
tibiae  in  the  mature  male  curved  at  the  base. 

Everywhere  common  under  stones,  old  logs,  etc. 

Ceuthophilus  brevipes.  Scudder. 

“A  species  very  closely  allied  to  the  preceding,  but  of  a smaller 
size,  and  differing  from  it  in  its  markings  and  proportions.  It 
is  of  a pale,  dull,  brown  color,  very  profusely  spotted  with  dirty 
white  spots,  not  so  large  or  so  frequently  confluent  as  in  C.  macu- 
latus , except  near  the  extremity  of  the  hind  femora,  where  they 
nearly  form  an  annulation.  The  mottling  of  the  pronotum  is 
somewhat  different  than  in  C.  macidatus ; the  hind  legs  are  pro- 
portionably  shorter,  as  is  also  the  ovipositor,  the  spines  of  whose 
inner  valves  are  duller. 

4 ‘ Length  scarcely  more  than  half  an  inch  ; average  length  of  hind 
femora,  .44  inch;  average  length  of  ovipositor,  .25  inch.” 
— Scudder. 

Genus  Cyrtophyllus.  Burmeister  (1838). 

Antennae  very  long  and  slim,  eyes  small,  globular  and  promi- 
nent, vertex  with  a small  spine  projecting  forward  between  the 
antennae.  Pronotum  truncate  in  front,  rounded  behind,  with  two 
transverse  grooves.  Prosternum  with  two  spines  ; fore  coxae  with 
one  spine  on  the  outside.  Middle  tibiae  spinose  on  the  outer  and 
inner  sides.  Wing  covers  much  wider  in  the  middle,  concave, 
obtuse  and  rounded  at  the  end. 
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Cyrtophyllus  concayus.  Harris. 

Broad-winged  Katydid.  (Fig.  10.) 

Length  about  one  inch  and  a half 
to  the  end  of  closed  wing  covers 
body,  one  inch.  Color  of  body,, 
pale  green,  wings  and  wing  covers 
somewhat  darker  green.  The 
wing  covers  curve  around  the  body 
so  that  their  edges  touch  above 
and  beneath,  enclosing  the  body. 
Wing  covers  with  a prominent  vein 
running  through  the  middle,  and 
on  each  side  of  this  the  veins  form 
a network,  so  that  the  wing  cover 
strongly  resembles  a leaf. 

Their  eggs  are  of  a dark  slate- 
color,  about  one-eighth  of  an  inch 
in  length,  and  one  third  as  wide. 
They  are  laid  in  two  rows  along  a 
twig,  the  eggs  overlapping  each  other  a little.  They  hatch  the 
next  spring,  and  the  young  feed  on  the  tender  leaves  of  almost 
any  plant. 

These  insects  have  never  been  reported  as  injurious,  but,  where 
abundant,  their  noise  may  become  an  intolerable  nuisance.  I 
cannot  imagine  what  ingenious  person  first  discovered  that  their 
song  resembled  the  words  “ katy  did,”  instead  of  some  other 
words  ; for  many  persons  besides  myself  fail,  upon  hearing  them 
for  the  first  time,  to  recognize  them  by  their  sound. 

Genus  Amblycorypha.  Stal  (1873). 

Vertex  smooth,  without  spines  or  projections  of  any  kind,  but 
with  a slight  groove  along  the  middle,  between  the  antennae  ; eyes 
elliptical ; pronotum  rounded  behind,  narrower  in  front.  Proster- 
num without  spines.  Fore  coxae  with  a spine  on  the  outside. 
Wing  covers  as  long  or  but  little  longer  than  the  hind  femora. 
Hind  tibiae  with  a row  of  spines  on  each  edge  behind,  and  a rowy 
more  remote,  on  the  opposite  side.  Wings  longer  than  the  wing 
covers. 

The  species  may  be  separated  as  follows : — 

f Wing  covers  extending  beyond  the  end  of  the  hind  femora,  oblongifolia. 
i Wing  covers  reaching  only  to  the  end  of  the  hind  femora  . rotundifolia . 


Fig  10. 

Cyrtophyllus  concavus. 
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Amblycorypiia  oblongifolia.  De  Geer. 

Oblong  Leaf-winged  Katydid. 

Length,  one  inch  and  three-fourths  to  the  end  of  the  wing 
■covers,  the  wings  extending  one-fourth  of  an  inch  beyond. 

Wings  and  wing  covei^*  grass  green ; body,  dull  clay  yellow, 
tinged  with  green  in  places. 

Amblycorypha  rotundifolia.  Scudder. 
j Round-winged  Katydid. 

Length,  one  inch  and  one-fourth  to  the  end  of  the  wing  covers, 
the  wings  extending  about  one-eighth  of  an  inch  beyond.  Color, 
grass  green,  sometimes  tinged  more  or  less  with  clay  yellow. 

Genus  Microcentrum.  Scudder  (1862). 

“ Head  oval,  broader  and  stouter  than  in  Amblycorypha ; tuber- 
cle of  the  vertex  somewhat  prominent,  scarcely  broader  than  first 
joint  of  antennae,  slightly  furrowed ; eyes  broadly  oval,  very 
prominent ; first  joint  of  antennae  as  broad  as  long  ; second,  one- 
third  as  large,  but  also  stout ; remainder  long  and  slender,  cylindri- 
cal. Prothorax  flat  or  very  slightly  concave,  posterior  quite  convex  ; 
the  sides  nearly  parallel,  the  length  but  little  surpassing  the 
breadth ; lateral  carinae  quite  sharp  ; lobes  of  the  side  straight  in 
front,  well  rounded  and  curving  forward  behind,  rounded  beneath, 
deeper  than  broad ; wing  covers  with  the  triangular  superior  sur- 
face extending  backward  farther  than  in  Amblycorypha , and  the 
wing  covers  themselves  not  regularly  rounded  as  there,  but  with 
the  inner  border  straighter  till  near  the  tip,  the  outer  border 
sloped  off  towards  the  tip,  and  the  tip  itself  more  pointed ; legs 
slender,  much  shorter  than  in  Amblycorypha , especially  the  hind 
legs  ; ovipositor  very  short,  strongly  curved,  and  bluntly  pointed. 

“This  genus  differs  from  Amblycorypha , to  which  it  is  most 
nearly  allied,  especially  by  the  cut  of  the  wing  covers  and  the  short- 
ness of  the  hind  legs  and  ovipositor.”  — Scudder. 

Microcentrum  laurifolium.  Linneus. 

Length  of  wing  covers,  one  inch  and  three-fourths  ; of  hind 
femora,  nine-tenths  of  an  inch.  Wings  and  wing  covers,  grass 
green  ; body,  yellowish  green,  lighter  beneath.  Front  of  protho- 
rax with  a very  small  central  tooth. 

Scudder  described  this  species  under  the  name  of  Microcentrum 
affiliatum , but  Stal  pronounces  it  identical  with  the  Linnean 
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species,  after  a comparison  with  the  type.  Is  it  distinct  from  M. 
retinervis , Burm.  ? 


Genus  Scudderia.  Stal  (1873). 

Top  of  the  head,  between  the  antennae,  compressed  into  a short, 
blunt  spine,  which  curves  upward  sharply.  Eyes  nearly  hemi- 
spherical. Pronotum  slightly  narrowed  in  front,  rounded  behind, 
deeply  notched  on  the  side  behind,  the  sides  of  the  notch  forming 
a right  angle.  Fore  coxae  with  a sharp  spine  on  the  outside. 
Ovipositor  large,  curving  upward.  Supra-anal  plate  of  the  male 
sending  out  a stout  spine,  which  curves  down,  and  is  widened  and 
notched  at  the  end.  Sub-anal  plate  sends  out  a much  longer 
spine,  notched  at  the  end,  and  curving  upward. 

Scudderia  curvicauda.  De  Geer. 

Narrow-winged  Katydid. 

Length  of  body,  about  one  inch ; from  the  face  to  the  end  of 
the  wing  covers,  an  inch  and  a half ; the  wings  extending  about 
one-fourth  of  an  inch  farther.  Body  and  wings,  grass  green ; 
face  and  under  side  of  the  body,  sometimes  lighter,  and  sometimes 
tinged  with  dull  yellow.  It  feeds  principally  on  oak  leaves. 

The  male  does  not  make  as  loud  a “ shrill  ” as  the  broad-winged 
katydid,  and  the  sound  he  makes  at  night  and  in  cloudy  weather 
is  different  from  the  one  he  makes  in  the  sunshine. 

Genus  Conocephalus.  Thunberg  (1815). 

Face,  very  oblique  ; vertex,  prolonged  forwards  into  a cone. 
Eyes,  elliptical ; pronotum,  truncate  in  front,  rounded  behind, 
narrowed  in  front,  obtusely  notched  on  the  side  behind.  Pro- 
sternum, with  two  long,  slim  spines.  Fore  coxae  with  a spine  on 
the  outside. 


Conocephalus  ensiger.  Harris. 

Cone-headed  Katydid. 

Length  of  body,  one  inch ; to  the  end  of  the  wing  covers,  two 
inches  and  one-fourth ; length  of  ovipositor,  one  inch.  Color, 
pale  green,  lighter  in  the  face  and  beneath.  A small  tooth  is  situ- 
ated on  the  under  side  of  the  conical  part  of  the  head,  between  the 
antennae ; and  a U-shaped  black  mark  on  the  under  side  of  the 
cone  near  the  end. 
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Conocephalus  robustus.  Scudder. 

“ Either  pea-green  or  dirty  brown  ; tubercle  of  the  vertex  tipped 
with  black,  not  extending,  or  but  very  faintly  and  narrowly, 
down  the  sides  ; lateral  carinae  of  prothorax,  pale  yellowish  ; wing 
covers  dotted  with  irregularly  distributed  black  dots,  most  con- 
spicuous in  the  brownish  individuals.  In  form,  as  in  coloration, 
this  species  is  much  like  C.  ensiger.  The  shape  of  the  conical 
projection  of  the  vertex  is  the  same,  or  a little  stouter ; it  is  a 
larger  species,  much  broader  and  stouter  than  it,  the  wings 
broader,  and,  when  compared  with  the  hind  femora,  a little  longer 
than  they  are  in  C.  ensiger ; the  spines  upon  the  under  side  of  the 
hind  femora  are  larger  than  there,  being  noticed  easily  with  the 
unassisted  eye  ; the  ovipositor  of  the  female  is  much  shorter  than 
in  C.  ensiger ; and,  finally,  the  insect  is  much  broader  across  the 
mesothorax,  with  a heavier  sonorous  apparatus  in  the  male  ; wing 
covers  fully  as  long  as  the  wings,  in  the  male  ; slightly  longer 
than  the  wings,  in  the  female.  The  only  difference  between  this 
species  and  C.  ensiger  in  coloration  is  the  usual  lacking  of  the 
spots  on  the  wing  covers  in  the  latter,  and  in  the  same  the  pres- 
ence of  a broad  black  band  on  either  side  of  the  tubercle  of  the 
vertex,  which  exists  in  the  former  but  seldom,  and  then  it  is  very 
narrow. 

“ Male,  length  of  wings,  1.7  inch  ; breadth  in  middle,  .32  inch  ; 
of  hind  femora,  .9  inch.  Female,  length  of  wing  covers,  1.9 
inch;  extent  of  wing  covers  beyond  wings,  .1  inch;  breadth  of 
wing  covers  in  middle,  .22  inch ; length  of  hind  femora,  1 inch ; 
of  ovipositor,  1 inch.” — Scudder. 

Genus  Xiphidium.  Serville  (1831). 

Face,  rounded,  somewhat  .oblique ; a blunt  projection  between 
the  antennae,  somewhat  excavated  on  the  sides,  for  the  reception  of 
the  protuberance  on  the  inner  side  of  the  first  joint  of  the  anten- 
nae. Eyes,  hemispherical ; pronotum  truncate  in  front,  rounded 
behind,  lateral  edges  rounded,  slightly  excavated  on  the  side,  be- 
hind. Prosternum,  with  two  spines  ; front  coxae,  with  a spine  on 
the  outside.  Anterior  tibiae  armed  beneath  with  a row  of  six 
spines  on  each  side. 

This  genus  includes  those  small  and  medium-sized  green  grass- 
hoppers, with  long,  tapering  antennae,  which  are  so  common  dur- 
ing the  summer  in  grass  fields. 

The  species  may  be  separated  by  the  following  table  : — 
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j f Wing  covers  abruptly  narrowed  in  the  middle  . . . 3. 

I  Wing  covers  not  narrowed  in  the  middle  . . . .2. 

2 / Wings  a little  longer  than  the  wing  covers  . . .fasciatum. 

1 Wings  a little  shorter  than  the  wing  covers  . . brevipenne. 

3 f Brown  stripe  on  the  pronotum,  bordered  with  black,  glaberrimum. 

I Brown  stripe  not  bordered  with  black 4. 

4 f Wing  covers  as  long  as  the  wings vulgare. 

I Wing  covers  a little  shorter  than  the  wings  . . concinnum. 


Xiphidium  fasciatum.  De  Geer. 

The  Slender  Meadow  Grasshopper. 

Length  of  body,  about  half  an  inch ; to  the  end  of  wing  covers, 
about  four-fifths  of  an  inch.  Wings  a little  longer  than  the  wing 
covers.  Upper  side  of  abdomen,  brown.  A brown  stripe  extends 
from  the  projection  between  the  antennae,  back  across  the  middle 
of  the  pronotum,  being  widest  behind.  Legs,  sprinkled  with 
brown.  Ovipositor,  as  long  as  the  abdomen. 


Xiphidium  brevipenne.  Scudder. 

44  Size  of  X.  fasciatum , with  which  it  agrees  in  coloration 
throughout,  except  that  the  wings  are  a little  darker.  The  dorsal 
band  is  a little  broader,  and  the  ovipositor  is  reddish  brown 
throughout,  while  in  X.  fasciatum  it  is  green  at  the  base ; wings, 
.08  inch  shorter  than  the  wing  covers  ; both  shorter  than  the  body  ; 
ovipositor  nearly  equalling  the  hind  femora  in  length.  In  these 
respects  it  differs  very  much  from  X.  fasciatum. 

4 4 Length  of  body,  .5  inch ; of  wing  covers,  .33  inch;  of  hind 
femora,  .43  inch  ; of  ovipositor,  .4  inch.” 


Xiphidium  vulgare.  Harris. 

The  Common  Meadow  Grasshopper. 

Length  of  body,  three-fourths  of  an  inch ; to  the  end  of  the 
wing  covers,  about  one  inch.  Wing  covers  abruptly  narrowed  in 
the  middle  ; green,  faintly  tinged  with  brown.  The  males  have 
two  black  dashes,  one  behind  the  other,  on  each  wing,  on  the  out- 
side of  the  transparent  spot.  Body  green,  or  greenish  brown, 
with  a dorsal  brown  stripe  extending  from  the  tubercle  of  the  ver- 
tex across  the  prothorax,  being  widest  behind.  Ovipositor  gradu- 
ally curved,  and  pointed  at  the  end  ; about  three-tenths  of  an  inch 
in  length. 
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Xiphidium  concinnum.  Scudder. 

“ Male,  brownish  green  ; a dark  reddish-brown  dorsal  streak 
upon  the  head  and  prothorax,  becoming  faint  towards  the  hind 
border  of  the  prothorax,  and  narrowing  anteriorly  to  the  width  of 
the  tubercle  of  the  vertex,  passing  over  this  down  the  front  to  the 
labrum,  expanding  broadly  in  the  middle  of  the  face  ; legs  brown- 
ish green,  tarsi  dark  brown,  spines  of  tibiae  tipped  with  black  ; 
abdominal  appendages  reddish  brown ; wing  covers  pellucid,  veins 
grass  green,  except  the  heavy  transverse  vein  of  the  sonorous 
apparatus,  which  is  brown  ; wings  pale  brownish  green,  extending 
a little  beyond  wing  covers  ; female  having  the  same  markings  as 
the  male,  except  that  all  the  nervures  of  the  wing  covers  are 
brown,  and  the  wings  are  more  dusky  and  are  shorter  than  the 
wing  covers  ; ovipositor  reddish  brown,  a little  curved,  and  very 
pointed ; a much  slenderer  and  more  graceful  form  than  X vul- 
gar e. 

“ Length  of  body,  .7  inch  ; of  wing  covers,  .84  inch  ; of  wings 
beyond  wing  covers,  .08  inch  ; of  hind  femora,  .6  inch  ; of  ovipos- 
itor, .32  inch.” 

Xiphidium  glaberrimum.  Burmeister. 

“The  dorsal  band  here  is  bordered  with  black,  as  is  also  the 
outer  edge  of  the  sonorous  apparatus  of  the  male  ; antennae  very 
long;  ovipositor  slightly  expanded  in  the  middle.”  — Scudder. 


Genus  Thyreonotus.  Serville. 

Face  rounded,  slightly  oblique.  Eyes  small  and  nearly  globose. 
Vertex  with  a blunt  projection  between  the  antennae,  somewhat 
excavated  on  the  sides,  and  grooved  above.  Basal  joint  of  the 
antennae  flattened.  Pronotum  truncate  in  front,  more  or  less 
rounded  behind,  and  extending  back  over  the  first  joint  of  the 
abdomen,  concealing  the  rudimentary  wings  and  wing  covers ; 
flattened  above  and  bent  sharply  down  on  the  sides,  forming  an 
abrupt,  curved  edge  on  each  side  of  the  back.  Prosternum  with 
two  short  spines  ; fore  coxa  with  a long  sharp  spine  on  the  out- 
side. 

The  fore  and  middle  tibiae  have  two  rows  of  six  spines  each  on 
the  inside,  and  a row  of  three  or  four  equidistant  spines  along  the 
outside.  Hind  femora  and  tibiae  very  long,  and  of  equal  length. 
Ovipositor  as  long  as  the  body,  and  straight. 
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Thyreonotus  dorsalis.  Burmeister. 

Length  of  body,  nearly  one  inch  ; of  ovipositor,  one  inch.  Color, 
yellowish  brown,  more  or  less  mottled,  darker  above. 


Thyreonotus  pachymerus.  Burmeister. 

11  Among  other  distinctions  between  these  two  species,  it  may 
be  seen  that  this  species  has  the  pronotum  well  rounded  behind, 
while  the  hind  margin  of  the  other  is  nearly  square  ; and  the  ovi- 
positor is  longer  in  T.  dorsalis  than  in  T.  pachymerus , as  are  also 
the  hind  legs.”  — Scudder. 

Family  ACRIDHLE. 

Grasshoppers. 

Anterior  and  middle  legs  equal,  or  nearly  equal,  in  length,  much 
shorter  than  the  posterior  pair ; posterior  legs  elongate,  fitted 
for  leaping  ; the  femora  enlarged  near  the  base.  The  tarsi  three- 
jointed  ; the  first  joint,  which  is  usually  the  longest  of  the  three, 
and  much  longer  than  the  second,  has  the  under  side  marked  by 
two  cross-impressions,  which  give  it  the  appearance,  when  seen  on 
this  side,  of  being  composed  of  three  pieces  ; the  terminal  or 
third  joint  is  furnished  with  two  strong  claws.  Wing  covers  and 
wings,  when  in  repose,  rest  partly  horizontal  on  the  back  of  the 
abdomen,  and  partly  deflexed  against  the  sides.  The  antennae 
are  shorter  than  the  body,  seldom  exceeding  half  its  length,  and 
composed  of  from  six  to  twenty-four  joints  ; they  are  either  fili- 
form, flattened,  or  ensiform,  rarely  clavate.  Most  of  the  species 
possess  wings,  but  in  a few  these  organs  are  wanting. 

This  family  contains  a much  larger  number  of  species  than 
either  of  the  other  families  of  the  Orthoptera,  and  includes  those 
which  have  proved  the  most  destructive  to  our  cultivated  crops. 
The  entire  life-history  of  but  few  of  our  species  has  been  carefully 
studied ; yet,  in  a general  way,  they  are  so  nearly  alike  that  the 
history  of  one  will  answer  for  that  of  all. 

When  the  female  is  ready  to  deposit  her  eggs,  she  digs  a hole  in 
the  ground,  with  the  valves  of  her  ovipositor,  as  deep  as  the  length 
of  her  abdomen  will  permit,  and  at  this  time  she  is  able  to  lengthen 
the  abdomen  to  nearly  twice  its  ordinary  length.  She  then  deposits 
her  eggs  in  this  hole,  one  at  a time,  placing  them  in  regular  order, 
so  as  to  form  an  elongated  oval  mass.  During  the  process  a glairy 
fluid  is  deposited  about  the  mass,  which  hardens  and  binds  them 
together  somewhat  in  the  form  of  a bean.  The  hole  is  then  filled 


Ill 


1888.]  PUBLIC  DOCUMENT  — No.  31. 


with  dirt  mixed  with  this  fluid,  which  forms  a mass  nearly  im- 
pervious to  water,  after  it  hardens.  See  Fig.  11.  The  number 
of  eggs  deposited 
by  the  different 
species  varies  con- 
siderably, some 
laying  only  twenty- 
five  or  thirty  in  one 
mass,  but  deposit- 
ing several  masses, 
while  others,  as  the 
red-winged  grass- 
hopper ( Hippiscus 
tuberculatus  ) , de- 
posit  all,  to  the 
number  of  125  or 
130,  in  one  mass. 

The  different 
species  vary  also 
in  the  selection  of 
places  for  depositing  their  eggs  ; some  species  may  frequently 
be  seen,  in  the  fall,  digging  holes  and  laying  their  eggs  in  the 
hard  gravel  of  a well-travelled  road. 

The  young  grasshoppers  are  very  large  eaters  ; and,  in  the  proc- 
ess of  growth,  they  molt  or  shed  their  skins  from  three  to  five 
times.  At  the  second  or  third  molt,  rudimentary  wing  covers  ap- 
pear, and  the  insect  is  called  a pupa  ; but  previous  to  this  time  it 
is  called  a larva.  At  the  last  molt  the  wings  and  wing  covers 
appear  fully  developed,  and  then  the  insect  is  called  an  imago, 
— perfect  or  mature  insect.  See  Fig.  12. 


Fig.  11. 

Grasshoppers  laying  eggs. 

a,  a , a,  female  ui/different  positions. 

b,  egg  pod. 

c,  separate  eggs. 

d,  e,  earth  removed  to  expose  the  pods. 


Fig.  12. 

Grasshopper  molting  its  skin,  a to  e,  showing  the  successive  stages. 
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A pupa  may  be  distinguished  from  a short- winged  imago,  by 
having  the  wing  covers  twisted  around  so  that  the  faces  and  mar- 
gins are  the  reverse  of  what  they  are  in  the  perfect  insect. 

Warm,  dry  weather  is  favorable  to  the  increase  of  grasshoppers, 
and  it  is  in  excessively  dry  seasons  that  they  are  most  injurious. 
Dampness  is  undoubtedly  the  most  efficient  natural  agent  for  keep- 
ing them  in  check.  Although  they  may  hatch  in  great  numbers, 
yet,  if  a rainy  season  follow  soon  after,  they  will  to  a large  extent 
be  destroyed.  Extreme  changes  during  the  winter  appear  to  de- 
stroy the  vitality  of  the  eggs. 

Grasshoppers  are  preyed  upon  in  their  various  stages  by  quite  a 
number  of  different  species  of  insects,  and  especially  by  a reddish- 
colored  mite,  which  adheres  to  them  in  large  numbers,  and,  by 
sucking  their  blood,  weakens  and  finally  destroys  them.  Very 
many  of  our  native  birds  feed  on  them,  and  domestic  fowls  are 
great  aids  in  their  destruction.  It  is  doubtful  if  any  artificial 
remedies  can  be  used  profitably,  except  when  a great  invasion  is 
threatened,  as  sometimes  occurs  ; and  then  it  may  prove  safe  and 
profitable  to  sprinkle  the  crops,  ahead  of  the  invading  hosts,  with 
Paris  green  or  other  poisonous  insecticides. 

The  sub-families  represented  in  New  England  may  be  separated 
by  the  following  table  : — 


j f Pronotum  extending  back  to  the  tip  of  the  abdomen  . Tettiginw. 

I Pronotum  not  extending  back  to  the  tip  of  the  abdomen  . .2. 

~ f Prosternum  with  a prominent  spine  ....  Acndinoz. 
I Prosternum  not  spined,  or  with  only  an  oblique  tubercle  . . 3. 

2 f Face  very  oblique T ruxalinaz. 

I Face  not  oblique,  or  but  slightly  so  ....  (Edipodina . 


Synopsis  of  the  Acridines. 

^ f Wings  abortive  or  wanting Pezotettix. 

\ Wings  well  developed 2- 

( Median  carina  of  the  pronotum  somewhat  prominent  . Acridium. 
I Median  carina  of  the  pronotum  not  prominent  . • • -3. 

f Hind  femora  not  reaching  the  end  of  the  wing  covers  . Melanoplus. 
3.  -j  Hind  femora  reaching  or  surpassing  the  end  of  the  wing  covers, 

Paroxya. 

Genus  Pezotettix.  Burmeister  (1840). 

Body  medium  size ; female  narrow  posteriorly.  Head  large ; 
face  perpendicular,  or  nearly  so  ; vertex  between  the  eyes  narrow, 
in  front  of  these,  short,  somewhat  deflexed,  concave,  no  foveolae ; 
frontal  costa,  lateral  carinae,  and  cheek  carinae,  distinct ; frontal 
costa  generally  convex  above  the  ocellus  ; eyes  sub-ovate  or  sub- 
globose  ; antennae  cylindrical,  reaching  the  tip  of  the  pronotum ; 
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joints  somewhat  distinct.  Pronotum  sub-cylindrical ; disk  sub- 
convex  ; median  carina  generally  obliterated  on  the  anterior  lobes, 
more  or  less  distinct  on  the  posterior  lobe,  sub-truncate  in  front, 
truncate  or  rounded  behind,  sometimes  obtusely  angled,  but  in  the 
latter  instances  the  posterior  lateral  margin  ascends  from  the  lateral 
angle  to  the  apex  without  any  entering  angle  at  the  humerus  ; 
the  three  transverse  impressions  distinct,  cutting  the  median 
carina  ; the  intermediate  one  sub-bisinuate  ; posterior  lobe  punct- 
ured. Prosternal  spine  rather  short,  obtuse  ; pectus  broad  as  the 
head.  Elytra  and  wings  wanting  or  abbreviated.  Four  anterior 
legs  short ; in  the  male  the  middle  femora  much  swollen ; posterior 
femora  moderately  dilated  at  the  base.  Extremity  of  the  male 
abdomen  somewhat  swollen  and  turned  up  ; cerci  generally  slender. 

The  species  may  be  separated  by  the  following  table  : — 


j f Without  wings  or  wing  covers glacialis. 

' 1 Wing  covers  present . .2. 

2 J Wing  covers  more  than  half  the  length  of  the  abdomen,  borealis. 
I Wing  covers  not  more  than  half  the  length  of  the  abdomen,  manca. 


Pezotettix  glacialis.  Scudder. 

The  Wingless  Mountain  Grasshopper. 

Head  not  large ; vertex  furrowed ; frontal  costa  with  a deep 
furrow  and  depression  at  the  ocellus  ; eyes  not  prominent,  not 
elongate,  docked  anteriorly,  and  very  slightly  above.  Pronotum 
a little  widest  posteriorly ; anterior  and  posterior  margins  trun- 
cate ; lateral  carinae  almost  obliterated,  obtusely  rounded  ; median 
very  slight.  Prosternal  spine  rather  short  and  blunt,  compressed 
laterally.  With  neither  wings  nor  elytra.  Color,  female : ver- 
tex, disk  of  the  pronotum,  and  abdomen,  olivaceous  green;  a 
broad  black  band  behind  the  eye,  crossing  the  sides  of  the  prono- 
tum to  the  tip,  extending  upon  the  abdomen  in  the  form  of  trans- 
verse streaks  ; pronotum  below  this,  greenish  yellow,  with  a medial 
black  spot.  Vertex  and  pectus,  greenish  yellow ; prosternum, 
dusky.  Front  and  sides  of  the  head  yellowish  green,  with  a 
greenish  stripe  down  the  middle  of  the  frontal  ridge.  Furrow  and 
interior  carina  of  the  under  side  of  the  hind  femora,  coral  red  ; re- 
mainder yellowish  green,  with  two  broad  bands  of  dark  green 
across  the  outside  ; apex,  black  ; tibiae,  green. 

Male  differs  as  follows : mesonotum  and  metanotum,  bright 
green  ; whole  dorsal  surface  black,  with  a dorsal  row  of  yellowish 
green  spots,  and  a triangular  spot  of  the  same  color  between  the 
middle  and  posterior  coxae  ; a lateral  row  of  greenish-yellow  spots 
on  the  first  eight  abdominal  segments. 
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Length,  about  three-fourths  of  an  inch. 

Mr.  Scudder  states  that  this  species  frequents  the  branches  of 
the  small  birch  trees  among  the  White  Mountains  of  New  Hamp- 
shire. It  has  also  been  taken  on  Speckled  Mountain  in  Maine, 
and  on  Graylock  in  Massachusetts. 

Pezotettix  manca.  Smith. 

Top  of  the  head,  disk  of  pronotum,  and  elytra,  brown.  Sides  of 
the  pronotum  smooth  and  shining  in  front  of  the  last  transverse 
impression ; behind  it  thickly  punctate  ; a broad  black  band  ex- 
tending from  the  eyes  over  the  upper  half  of  the  pronotum,  and 
continued  upon  the  other  thoracic  segments  and  along  the  side  of 
the,  abdomen,  inclosing  on  the  thorax  an  oblique  whitish  spot, 
which  extends  from  the  base  of  the  elytra  to  the  posterior  coxae. 
Hind  femora  brown,  yellow  below,  banded  with  black  above ; 
tibiae,  bright  red. 

Length,  about  three-fourths  of  an  inch ; length  of  elytra,  from 
one-sixth  to  one-seventh  of  an  inch  ; posterior  femora,  about  four- 
tenths  of  an  inch. 

Pezotettix  borealis.  Scudder. 

Dark  brown,  darkest  above ; a broad  black  band  behind  the 
eye,  extending  over  the  upper  portion  of  the  sides  of  pronotum  to 
the  hind  border  ; front,  dark  yellowish  brown  ; mouth  parts,  dirty 
yellowish ; legs,  yellowish  brown ; hind  femora  streaked  with 
black,  with  the  tip  black  ; hind  tibiae  reddish,  with  a faint,  paler 
annulation  near  the  base,  the  spines  tipped  with  black ; wing- 
covers,  dirty,  yellowish  brown,  spotted  irregularly  with  darker 
* brown  ; wings  colorless,  a little  dusky  on  costal  border. 

Length  of  body,  about  two-thirds  of  an  inch  ; of  wing  covers, 
nearly  half  an  inch  ; of  hind  femora,  nearly  half  an  inch. 

This  northern  species  has  been  taken  on  Speckled  Mountain  in 
Maine,  and  on  the  White  Mountains,  New  Hampshire.  It  is 
thought  by  some  to  be  identical  with  P.  frigida  of  Northern 
Europe. 

Genus  Acridium.  Burmeister  (1838). 

Prosternum  armed  with  a prominent,  blunt  spine  ; median  carina 
of  the  pronotum  somewhat  prominent ; wings  and  wing  covers 
well  developed,  as  long  or  longer  than  the  abdomen  ; abdomen  of 
the  male  not  swollen  at  the  tip  ; eyes,  elongate,  oval. 

The  species  may  be  separated  as  follows  : — 

f Wing  covers  longer  than  the  abdomen  ....  alutaceum. 
\ Wing  covers  about  as  long  as  the  abdomen  . . . ritbiginosum. 
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Acridium  alutaceum.  Harris. 

Leather -colored  Grasshopper. 

Dirty  brownish  yellow,  a paler  yellow  stripe  on  the  top  of  the 
head  and  thorax  ; a slightly  elevated,  longitudinal  line  on  the  top 
of  the  thorax  ; wing  covers  semi-transparent,  with  irregular  brown- 
ish spots  ; wings  transparent,  uncolored,  netted  with  dirty  yellow  ; 
abdomen,  with  transverse  rows  of  minute  blackish  dots ; hind 
femora,  whitish  within  and  without,  the  white  portion  bounded  by 
a row  of  minute  distinct  black  dots,  and  crossed,  herring-bone 
fashion,  by  numerous  brown  lines  ; hind  tibiae  reddish,  with  yellow- 
ish-white spines,  which  are  tipped  wdth  black. 

Length  to  the  end  of  abdomen,  one  and  three-fourths  inches. 


Acridium  rubiginosum.  Harris. 

Light  rust  red,  somewhat  uniform.  Wing  covers  opaque,  rather 
paler  on  the  overlapping  position,  without  spots,  or  sprinkled  over 
with  dim,  small,  dusky  spots.  Wings  transparent,  slightly  red- 
dish towards  the  tip ; veins  blackish ; posterior  femora  reddish ; 
the  flat  disk  whitish,  with  a row  of  black  dots  above  and  below  ; 
apex  with  a lunate  black  spot  on  the  side.  Spines  of  the  tibiae 
whitish,  tipped  with  black. 

Length  of  female  about  one  inch  and  a half,  — male  much 
smaller. 

Genus  Mel anoplus.  Stal  (1873). 

Eyes  nearly  equal  in  the  sexes,  never  broader  than  the  length  of 
the  cheek  ; no  distinct  lateral  carinae  ; mesosternum  and  metaster- 
num together  longer  than  wide  ; upper  margin  of  the  hind  femora* 
smooth  ; first  joint  of  hind  tarsi  of  the  same  length  as  the  last 
joint,  and  a little  stouter  ; pulvilli  between  the  claws,  large  ; last 
joint  of  the  abdomen  of  the  male  much  swollen. 

The  species  may  be  separated  as  follows  : — 


2. 


f Wing  covers  shorter  than  the  abdomen,  or  of  the  same  length  . 2. 

I Wing  covers  much  longer  than  the  abdomen  . . . . 5. 

f Median  carina  distinct  on  the  front  lobe  of  the  pronotum  . . 3. 

1 Median  carina  indistinct  or  wanting  on  front  lobe  of  the  pronotum,  4. 


g f With  a yellow  stripe  along  the  sides 
l With  no  yellow  stripe  along  the  sides 
^ f Wing  covers  as  long  as  the  abdomen 


g f Anal  cerci  pointed  at  the  tip 

I Anal  cerci  broadly  rounded  at  the  tip 


femoratus. 
punctulatus. 
. collinus. 
rectus, 
femur-rubrum. 
. atlanis. 
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The  Yellow-striped  Grasshopper . (Fig.  13.) 

Dull  or  olive  green,  with  a yellowish  line  on  each  side,  extend- 
ing from  the  front  of  the  head  to  the  tips  of  the  wing  covers  ; hind 

tibiae  and  tarsi  blood  red, 
the  spines  tipped  with 
black  ; wings  transparent, 
faintly  tinged  with  pale 
green,  and  netted  with 
greenish-brown  lines.  Ab- 
Fig.  13.  domen  of  the  male  very 

Melanoplus  femoratus.  obtuse,  curving  upward  at 

the  end ; anal  cerci  expanded  at  the  base  ; female  with  the  upper 
valves  of  the  ovipositor  tapering,  finely  pointed. 

Length  to  tip  of  the  abdomen,  from  one  to  one  and  one-fourth 
inches. 

Melanoplus  punctulatus.  Uhler. 

• “ Antennae  dark  colored ; eyes  prominent ; no  lateral  stripe. 
Wing  covers  spotted  irregularly  with  dusky  blotches ; posterior 
lobe  of  pronotum  rather  coarsely  punctate  ; hind  tibiae  parti-col- 
ored. Male  with  the  basal  half  of  the  anal  cerci  equal.  Female 
with  the  upper  valves  of  the  ovipositor  scarcely  tapering,  finely 
pointed.” — Scudder. 

Length,  one  inch.  This  species  is  very  rare,  but  has  been  taken 
in  Maine  and  Massachusetts. 

Melanoplus  collinus.  Scudder. 

“Transverse  furrows  of  anterior  lobe  of  pronotum,  distinct; 
upper  half  of  divergent  lobes  but  little  darker  than  the  lower  half ; 
wing  covers  as  long  as  the  abdomen.  Male  with  the  anal  cerci 
forked  at  the  tip.  Female,  stout.” — Scudder. 


Melanoplus  rectus.  Scudder. 

“Transverse  furrows  of  anterior  lobe  of  pronotum  indistinct ; 
upper  half  of  divergent  lobes  strikingly  darker  than  the  pale  lower 
half ; wing  covers  much  shorter  than  the  abdomen.  Male  with 
the  anal  cerci  equal  or  nearly  equal  throughout ; long,  slender,  and 
nearly  straight.  Female  rather  slender.” — Scudder. 

This  species  is  quite  rare.  It  has  been  taken  in  Massachusetts, 
in  the  valleys  of  the  White  Mountains,  New  Hampshire,  and  at 
Norway,  Maine. 
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Melanoplus  femur-rubrum.  De  Geer. 

The  Red-legged  Grasshopper. 

Dull  olive-green,  with  a black  spot  extending  from  the  eyes 
along  the  side  of  the  pronotum ; an  oblique  yellow  line  on  each 
side  of  the  body,  beneath  the  wings  ; a row  of  dusky  brown  spots 
along  the  middle  of  the  wing  covers  ; hind  tibiae  and  tarsi  red,  with 
black  spines.  Marginal  apophyses  of  the  last  dorsal  segment  in 
the  male,  stout  and  parallel,  reaching  half-way  over  the  supra-anal 
plate.  Anal  cerci  tapering,  pointed  at-  the  tip,  and  not  half  as 
broad  on  the  apical  as  on  the  basal  half.  Apex  of  the  last  ab- 
dominal segment  entire.  Median  carina  of  the  pronotum  of  the 
female  generally  distinct  on  the  anterior  lobe ; prosternal  spine 
nearly  cylindrical,  scarcely  tapering,  except  at  the  extreme  tip, 
which  is  generally  bluntly  rounded. 

Length,  about  one  inch. 

The  eggs  are  deposited  in  the  ground  in  the  fall,  and  hatch  the 
following  May  or  June ; but  the  insects  do  not  reach  maturity 
until  July  or  August. 

This  is  one  of  the  most  common  grasshoppers  in  New  England, 
and  at  times  becomes  so  abundant  as  to  destroy  not  only  garden 
and  field  crops,  but  even  attack  shrubs  and  small  trees.  Prof. 
S.  I.  Smith  states  that  he  has  seen  small  hackmatack  trees,  in 
Maine,  almost  covered  with  them,  and  entirely  stripped  of  their 
leaves.  When  they  are  so  abundant,  they  rise  in  the  air  and  are 
carried  long  distances  by  the  wind,  when  it  is  blowing  strongly. 

Melanoplus  atlanis.  Riley. 

Length,  about  one  inch. 

This  species  strongly  resembles  M.  femur-rubrum,  but  may  be 
distinguished  by  the  following  characters  given  by  Mr.  Scudder  : — 

Male,  with  the  marginal  apophyses  of  the  last  dorsal  segment 
slender,  divergent,  reaching  scarcely  one-third  way  over  the 
supra-anal  plate  ; anal  cerci  broad,  equal,  broadly  rounded  at  tip, 
scarcely  twice  as  long  as  broad  ; apex  of  last  abdominal  segment 
notched.  Female,  with  the  median  carina  of  the  pronotum  gener- 
ally indistinct  or  wholly  wanting  on  the  anterior  lobe  ; prosternal 
spine  tapering,  generally  bluntly  pointed  at  tip. 

This  is  a common  species  throughout  New  England. 

Genus  Paroxya.  Scudder  (1876). 

Body  straight,  sub-cylindrical.  Head  moderately  large  ; eyes 
large,  prominent,,  separated  from  each  other  above  by  fully  (male) 
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or  very  much  more  than  (female)  the  width  of  the  basal  joint  of 
antennae ; antennae  long,  equal,  of  similar  length  in  both  sexes. 
Pronotum  simple,  smooth  (the  posterior  lobe  punctulate)  ; the 
median  carina  slight,  equal ; the  anterior  scarcely  longer  than  the 
posterior  lobe,  the  hind  border  of  latter  obtusely  and  bluntly 
angled ; lower  border  of  deflected  lobes  very  obtusely  angled  in 
the  middle ; tubercle  of  prosternum  prominent,  sub-cylindrical, 
bluntly  pointed,  at  the  base  laterally  compressed,  at  least  in  the 
male.  Wings  and  wing  covers  about  reaching  the  tip  of  the  abdo- 
men, slender.  Hind  femora  reaching  (male)  or  surpassing  (fe- 
male) the  tip  of  the  wing  covers,  moderately  stout,  but  tapering 
very  regularly,  unarmed  above.  Edges  of  inferior  valve  of  ovi- 
positor smooth ; anal  cerci  of  male  having  the  general  structure 
of  those  of  Melanoplus. 


Paroxya  Atlantic  a.  Scudder. 

Dull,  olivaceous,  excepting  the  top  of  the  head,  thorax  and 
wing  covers,  which  vary  from  light  to  dark  brown.  Head  oliva- 
ceous, yellow  on  face  and  sides,  in  the  female  more  or  less  infus- 
cated  ; above  the  antennae  brownish,  fuscous,  more  or  less  tinged 
with  chestnut  color  ; behind  the  eye  a broad,  straight,  horizontal 
black  band,  edged  more  or  less  distinctly,  above  and  below,  with 
yellowish ; antennae  not  half  so  long  as  the  body,  in  the  male ; 
pale  yellow  at  base,  at  least  in  male  ; beyond,  testaceous,  deepen- 
ing into  fuscous  toward  the  tip.  Upper  surface  of  pronotum  of 
the  color  of  the  top  of  the  head,  the  upper  half  of  the  deflected 
lobes  with  a very  broad  black  band,  in  continuation  of  that  on  the 
head,  anteriorly  edged  more  or  less  distinctly,  both  above  and 
below,  with  yellowish,  and  fading  out  before,  or  abruptly  terminat- 
ing at,  the  posterior  lobe.  Wing  covers  nearly  uniform  brownish 
fuscous,  with  a faint  line  of  small  fleckings  down  the  middle,  in 
the  female.  Legs  of  the  color  of  the  body,  the  middle  and  hind 
femora  generally  more  or  less  infuscated  on  their  outer  face  ; hind 
tibiae  glaucous,  with  black  or  blackish  spines. 

Length,  one  inch. 


3. 


Synopsis  of  the  Truxalinoe. 

( Prosternum  obtusely  tuberculated  . 

1 Prosternum  not  tuberculated  .... 
f Antennae  somewhat  enlarged  towards  the  base 
l Antennae  not  enlarged  towards  the  base 
r Posterior  margin  of  the  pronotum  truncate  . 


2. 

3. 

. Opomala. 
Stetheophyma. 
. Chloealtis. 


I Posterior  margin  of  the  pronotum  rounded  or  angular  Stenobothrus. 
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Genus  Opomala.  Serville  (1831). 

Head  pyramidal ; face  very  oblique.  Antennae  reaching  the 
apex  of  the  pronotum,  more  or  less  enlarged  near  the  base  ; the 
joints  prismatic.  Eyes  somewhat  prominent,  oblique,  placed 
near  the  front  and  close  to  the  antennae.  Pronotum  usually 
triearinate,  sometimes  sub- cylindrical,  and  the  carinae  sub- 
obliterated ; sides  straight,  parallel  or  nearly  so,  truncate  in  front, 
truncate  or  obtusely  rounded  behind  ; transverse  impressions  gen- 
erally indistinct.  Wing  covers  straight,  lanceolate,  sometimes 
reaching  to  the  tip  of  the  abdomen,  sometimes  abbreviated.  Pros- 
ternum with  a short,  blunt  protuberance.  Anterior  and  middle 
legs  short ; posterior  generally  long  and  slender. 

Opomala  brachyptera.  Scudder. 

Brown,  dotted  faintly  above  with  black.  A faint,  dark  stripe 
extending  from  the  lower  border  of  each  eye  along  the  side  of  the 
pronotum.  Hind  femora  with  a row  of  black  dots  on  the  upper 
edge  ; terminal  lobe  dark.  Spines  tipped  with  black.  The  female 
is  more  uniformly  brown  than  the  male,  with  numerous  minute 
dusky  dots  ; wings  and  wing  covers  shorter  than  the  male. 

Length,  a little  more  than  an  inch. 

Genus  Chloealtis.  Harris  (1841). 

Eyes  rather  short,  somewhat  acuminate  at  the  apex,  placed  near 
the  vertex,  oblique,  and  rather  distant  from  each  other.  Back  of 
the  pronotum  and  head  in  one  plane,  horizontal.  Head  produced 
in  front  between  the  antennm,  in  the  form  of  a short,  blunt  pyra- 
mid. Antennae  short,  filiform,  sub-depressed,  and  joints  sub- 
distinct.  Face  oblique  and  straight.  Pronotum  short,  compressed 
at  the  sides,  which  are  flat,  straight  and  parallel,  or  very  nearly  so  ; 
triearinate,  the  three  carinae  distinct  but  not  elevated ; transverse 
incisions  slight ; truncate  in  front,  and  truncate  or  sub-truncate 
behind.  Wing  covers  abbreviated,  shorter  than  the  abdomen,  ex- 
cept in  Cli.  punctulata , when  they  are  about  equal  to  it  in  length ; 
ovate-lanceolate.  Prosternum  unarmed,  but  slightly  swollen. 

The  species  may  be  separated  as  follows  : — 

j f Female,  green,  or  pale  brown ; male,  green  above  . . viridis. 

I Brown,  without  any  green 2. 

2 f Wing  covers  about  as  long  as  the  abdomen  . . punctulata. 

I Wing  covers  shorter  than  the  abdomen  . . . conspersa. 
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Chloealtis  yiridis.  Scudder. 

Wing  covers  shorter  than  the  body,  a little  longer  than  the 
wings.  Top  of  head  and  prothorax,  green ; sides  of  head  and 
prothorax,  dirty  brown,  with  a horizontal  black  band  behind  the 
eye,  extending  over  the  prothorax  ; front  of  head,  yellowish  brown  ; 
fore  and  hind  legs,  reddish  brown ; mesothoracic  legs,  green ; 
spines  of  tibiae  tipped  with  black  ; wing  covers  above,  green  ; upon 
the  sides,  brown ; body  beneath,  yellowish.  The  female  varies 
from  olivaceous  green  to  dark  brown,  with  a dark  band  behind  the 
eye,  as  in  the  male  ; upon  the  top  of  the  head  a dark  band  extends 
from  either  side  of  the  vertex,  curving  inwards  and  then  outwards 
to  midway  between  the  median  and  lateral  carinae ; hind  tibiae, 
reddish  brown. 

Length,  about  three-fourths  of  an  inch. 

Chloealtis  punctulata.  Scudder. 

Wings  and  wing  covers  extending  to  tip  of  abdomen.  Vertex 
edged  with  reddish  brown  ; a narrow,  reddish-brown  band  extends 
along  the  lateral  carinae  of  pronotum  to  the  eye,  edged  below 
with  black ; it  extends  also  slightly  upon  the  base  of  the  wing 
covers  ; abdomen,  sternum,  fore  legs  and  mouth  parts  (except  the 
black  mandibles) , reddish  brown  ; hind  tibiae,  yellowish  brown,  the 
spines  tipped  with  black  ; all  the  tarsi  darker ; wing  covers  green, 
with  scattered,  small,  brownish  spots. 

Length  of  body,  about  one  inch. 

Chloealtis  conspersa.  Harris. 

The  Sprinkled  Grasshopper. 

Light  reddish  brown,  sprinkled  with  black  spots ; a black  line 
running  behind  each  eye,  on  the  head,  and  extending  on  each  side 
of  the  thorax  on  the  elevated  lateral  line  ; wing  covers  oblong- 
oval,  pale  yellowish  brown,  with  many  small,  darker  brown  spots  ; 
wings  about  one-seventh  of  an  inch  long,  transparent,  with  dusky 
lines  at  the  tip  ; hind  tibiae  pale  red,  the  spines  at  the  end,  black. 

Length,  nearly  nine-tenths  of  an  inch. 

Genus  Stenobothrus.  Fischer  (1853). 

Body  medium  size  or  small,  elongate.  Face  more  or  less  sloped 
obliquely  backward  and  under  toward  the  breast ; vertex  in  front 
of  the  eyes,  somewhat  prominent,  horizontal ; eyes  sub-rotund 
or  sub-angulate.  The  antennae  generally  exceed  the  head  and 
pronotum  in  length,  and  are  sub-compressed  or  sub-cylindrical. 
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Pronotum  with  a more  or  less  flattened  disk,  the  sides  somewhat 
compressed,  the  front  margin  truncate,  the  hind  margin  obtuse 
angled  or  obtusely  rounded ; the  three  carinae  usually  distinct,  but 
not  elevated ; the  median  straight,  entire  ; the  lateral  straight  or 
curved  inward  at  or  in  advance  of  the  middle.  Wings  and  wing 
covers  sometimes  abbreviated,  sometimes  as  long  or  longer  than  the 
abdomen,  generally  narrow.  Prosternum  unarmed,  narrow. 

The  species  may  be  separated  as  follows  : — 

/ Wing  covers  unspotted . curtipennis. 

1 Wing  covers  spotted maculipennis. 

Stenobothrus  curtipennis.  Harris. 

The  Short-winged  Grasshopper. 

Olive  gray  above,  variegated  with  dark  gray  and  black ; legs 
and  body  beneath,  yellow ; a broad  black  line  extending  from 
behind  each  eye  on  the  sides  of  the  thorax ; wing  covers,  in  the 
male,  as  long  as  the  abdomen ; in  the  female,  covering  two-thirds 
of  the  abdomen  ; wings  rather  shorter  than  the  wing  covers,  trans- 
parent, faintly  tinged  with  yellow ; spines  on  hind  tibiae  tipped 
with  black.  Length,  about  seven-eighths  of  an  inch. 


Stenobothrus  maculipennis.  Scudder 


The  Spotted-winged  Grasshopper.  (Fig.  14.) 

Head  and  top  of  pronotum,  green  (in  some  individuals,  brown)  ; 
a broad,  reddish-brown  band  extending  from  the  eyes  to  the 
hinder  side  of  the  pronotum,  limited 
above  by  the  lateral  carinae,  which 
are  white.  Sides  of  the  pronotum 
below  the  band,  brownish  or  dull 
yellowish.  Wing  covers  extending 
beyond  the  end  of  the  abdomen, 
green,  with  a row  of  square,  black 
spots  along  the  middle,  and  a few 
irregularly  scattered,  smaller  black 
spots.  Length,  three-fourths  of  an 
inch. 

This  is  a very  variable  species,  and  contains  several  well- 
marked  varieties. 


Stenobothrus  maculipennis. 

a.  Mature  insect. 

b.  Pupa. 

c.  Larva. 


Genus  Stetheophyma.  Fischer  (1854). 

Head  large ; face  somewhat  oblique  ; eyes  sub-depressed ; an- 
tennae filiform,  of  medium  length.  Pronotum  flattened  above, 
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tricarinate  ; the  median  carina  somewhat  acute,  and  the  lateral 
rather  obtuse,  sub-parallel,  or  slightly  divergent  posteriorly ; the 
three  transverse  furrows  undulate,  the  posterior  only  cutting  the 
median  carina ; the  sides  marked  more  or  less  with  impressed 
lines.  Prosternum  with  an  obtuse  tubercle.  Wings  and  wing 
covers  perfect  in  both  sexes,  or  slightly  abbreviated  in  the  female. 

Stetheophyma  lineata.  Scudder. 

Dark  brown.  A narrow,  curved,  dark  line  extends  from  the 
upper  border  of  the  eyes  to  the  lateral  carinae  of  the  pronotum, 
and  is  the  upper  limit  of  a broad,  brownish-yellow  band  extending 
from  the  eye  to  the  lateral  carinae,  whence  it  continues  backward 
along  the  carinae ; below  this,  upon  the  upper  border  of  the  side, 
extends  another  broad  black  band  from  the  eye  to  the  hind  edge 
of  the  pronotum ; median  carina,  black.  Costal  edge  of  wing 
covers  dark,  with  a yellow  streak  beneath  extending  from  the  base 
to  the  costal  border  at  about  two-thirds  the  distance  to  the  apex ; 
beneath  this  is  a band,  narrow  and  black  at  the  base,  broadening 
till  it  occupies  the  whole  width  of  the  wing  covers,  becoming 
brown  toward  the  tip,  while  the  inner  border  is  yellowish  brown. 
Wings  dusky,  the  internal  half  with  a yellowish  tinge.  Legs 
dark  brown  ; hind  femora  black  on  the  outer  and  inner  surfaces, 
reddish  brown  above,  coral  red  below,  with  a white  spot  near  the 
apex  ; tip  black.  Hind  tibiae  yellow,  with  black  spines  ; the  base 
and  tips  black,  and  a dusky  annulation  below  the  knee.  Length, 
from  one  inch  to  one  and  one-fourth. 

Mr.  Scudder  has  described  two  other  species,  — gracilis  and  pla- 
typtera;  but  they  are  thought  to  be  varieties  of  lineata. 


4. 


Synopsis  of  the  (Edipodince. 

f Median  carina  of  the  pronotum  with  a single  notch  ...  2. 

1 Median  carina  of  the  pronotum  with  two  notches  ...  7. 

f Mesosternal  lobes  of  the  female  twice  as  distant  as  the  meta- 

sternal  lobes 3. 

1 Mesosternal  lobes  of  the  female  not  more  distant  than  the 

[ metasternal  lobes 5. 

f Wings  brightly  colored Arphia. 

\ Wings  transparent,  faintly  colored 4. 

f Pronotum  wrinkled  ......  Encoptolophus. 

I Head  and  pronotum  smooth  or  granulated  . . . Chortophaga. 

( Median  carina  of  the  pronotum  even  throughout  . Camnula. 

I Median  carina  of  the  pronotum  irregular 6. 

f Median  carina  of  pronotum  nearly  obsolete  on  hind  lobe,  Hippiscus. 
I Median  carina  of  pronotum  high  and  arched  on  hind  lobe,  Dissosteira. 
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' The  two  inner  longitudinal  veins  of  the  wing  covers  run  sepa- 
^ yately  to  the  inner  border 8. 

The  two  inner  longitudinal  veins  of  the  wing  covers  unite  before 

reaching  the  inner  border Psinidia. 

g f Veins  of  the  hind  part  of  the  hind  wings  thickened  . Circotettix. 

1 Veins  of  the  hind  part  of  the  hind  wings  not  thickened,  Trimerotropis. 

Genus  Arphia.  Stal  (1873). 

Body  compressed ; pronotum  granulated ; median  carina  either 
notched  or  entire.  Wing  covers  of  one  color,  but  sprinkled  with 
minute  black  dots  ; wings  margined  externally  with  black. 

The  species  may  be  separated  as  follows  : — 

/ Pronotum  right  angled  behind sulphured. 

1 Pronotum  acute  angled  behind xanthoptera. 

Arphia  sulphurea.  Fabricius. 

Dusky  brown,  varying  from  an  ashen  to  a dark  hue.  Wing 
covers  paler  than  the  head  and  thorax,  more  or  less  distinctly 
spotted  with  brown.  Wings  deep  yellow  at  the  base  and  on  the 
basal  half  of  the  front  margin,  bounded  externally  by  a dusky 
brown  band  beyond  the  middle,  which  curves  and  is  prolonged  on 
the  hind  margin,  but  does  not  reach  the  anal  angle  ; a sub-mar- 
ginal ray  of  the  dark,  extending  two-thirds  the  distance  to  the 
base,  separates  the  yellow  of  the  margin  from  that  of  the  disk ; 
apex  translucent,  dusky.  Posterior  femora  black  inside,  with  two 
white  bands ; posterior  tibiae  dusky,  with  a pale  ring  near  the 
base  ; middle  sometimes  bluish.  Length,  a little  over  an  inch. 

Arphia  xanthoptera.  Burmeister. 

Thorax  generally,  though  not  always,  darker  than  in  the  former 
species  ; sometimes  with  two  yellow  dots  on  the  middle  of  the  sides 
of  the  pronotum,  one  above  the  other,  and  the  front  and  hind  mar- 
gins dotted  with  olive  ; but  these  markings  are  not  uniform.  The 
dark  ray  of  the  wings  near  the  front  margin,  not  more  than  half 
as  long  as  in  the  former  species,  extending  but  one-third  the 
distance  to  the  base ; this  is  remarkably  uniform.  Posterior 
femora  generally  with  two  oblique  dull  yellowish  bands  on  the 
exterior  face,  and  also  a paler  and  more  distinct  ring  near  the 
apex. 

Length,  from  one  to  one  and  one-fourth  inches. 

Genus  Chortophaga.  Saussure  (1884). 

Body  compressed,  somewhat  slim,  punctate  or  fine  wrinkled, 
green,  sub-glabrous,  slightly  pubescent.  Legs  remote,  with  scat- 
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tered  hairs  on  their  surface.  Antennae  rather  short,  and  slightly 
flattened.  Pronotum  acute  angled  behind.  Wing  covers  narrow  ; 
costal  half,  green ; the  sutural  half,  brownish. 


known  by  the  names  virginiana , Fabricius,  the  green  form ; 
and  infuscata , Harris,  the  brown  form. 

The  form  virginiana  is  described  as  follows  : — 

Green  ; wing  covers  with  a broad  green  stripe  on  the  outer  mar- 
gin, extending  from  the  base  beyond  the  middle,  and  including 
two  small  dusky  spots  on  the  edge,  the  remainder  dusky,  but 
semi-transparent  at  the  end  ; wings  transparent,  very  pale  green- 
ish yellow  next  to  the  body,  with  a large  dusky  cloud  near  the 
middle  of  the  hind  margin,  and  a black  line  on  the  front  margin ; 
antennae,  fore  and  middle  legs  reddish ; hind  femora  green,  with 
two  black  spots  in  the  furrow  beneath.  Length,  about  one  inch. 


Dusky  brown ; wing  covers  faintly  spotted  with  brown ; wings 
transparent,  pale  greenish  yellow  next  to  the  body,  with  a large 
dusky  cloud  near  the  middle  of  the  hind  margin,  and  a black  line 
on  the  front  margin  ; hind  femora  pale,  with  two  large  black  spots 
on  the  inside  ; hind  tibiae  brown,  with  darker  spines,  and  a broad 
whitish  ring  below  the  knees. 


Head  but  little  swollen  above,  front  vertical  above,  roundly 
sloping  below,  a little  constricted  above  the  antennae  ; eyes  sepa- 
rated by  about  their  own  width,  moderately  large,  somewhat  ellip- 
tical ; antennae  rather  short  and  flattened ; top  of  the  pronotum 
nearly  flat,  the  median  carina  abrupt,  but  not  greatly  elevated,  cut 
into  halves  by  a distinct  though  slight  notch ; lateral  carinae  dis- 


Chortophaga  viridifasciata.  De  Geer. 
The  Goat- Headed  Grasshopper.  (Fig.  15.) 


Chortophaga  viridifasciata. 

a.  Larva. 

b.  Mature  insect. 


Fig.'lo. 


This  exceed- 
ingly variable  in- 
sect has  received 
numerous  names, 
but  all  the  differ- 
ent shades  of  va- 
riation may  be 
reduced  to  two 
forms,  which  are 


Form  Infuscata.  Harris. 


Genus  Encoptolophus.  Scudder  (1875). 
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■tinct  but  broken,  very  slightly  curved ; bind  margin  of  pronotum 
forming  a right  angle  ; wing  covers  reaching  but  little  beyond  the 
end  of  the  abdomen. 

Encoptolophus  sordidus.  Burmeister. 

N The  Clouded  Grasshopper.  (Fig.  16.) 

Dusky  brown  ; wing  covers  pale,  clouded,  and  spotted  with 
brown ; wings  transparent, 
dusky  at  tip,  with  a dark 
brown  line  on  the  front 
margin  ; hind  tibiae  brown, 
with  darker  spines,  and  a 
broad  whitish  ring  below 
the  knees.  Length,  about  Encoptolophus  sordidus. 

one  inch. 

Genus  Camnula.  Stal  (1873). 

Head  compressed  ; antennae  medium,  a little  stouter  in  the  male  ; 
hind  femora  with  an  acute  margin  slightly  crested ; eyes  small, 
rather  prominent,  rounded  kidney-shaped.  Pronotum  nearly  level 
above  with  median  and  lateral  carinae. 


Fig.  16. 


Camnula  pellucida.  Scudder. 

Ash  brown ; face  reddish  brown ; antennae  yellowish  at  base, 
dark  brown  toward  tip  ; a triangular  black  spot  behind  the  eye, 

the  apex  touching  it ; a quad- 
rate transverse  black  spot  on 
the  anterior  upper  portion  of 
the  sides  of  the  pronotum  ; 
pronotum  above  sometimes 
with  a dark  band  down  the 
middle  ; wing  covers  witli  the 
basal  half  dark  brown,  with 
small  yellowish  spots  and 
transverse  streaks,  especially 
on  front  border ; apical  half 
clear,  with  dark  brown  round- 
ed spots  prevalent  along  the 
middle,  decreasing  in  size  toward  the  tip  ; when  closed,  the  upper 
surface  is  dark  brown,  with  a rather  broad  yellowish  line  along 
each  angle  on  the  upper  surface  ; wings  pellucid,  with  black  nerv- 
ules  ; legs  dark  brown,  the  hind  femora  yellowish  or  reddish  brown, 
with  two  or  three  rather  broad,  diagonal,  dark  brown  streaks,  dark 


Fig.  17. 

Camnula  pellucida. 
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brown  at  the  apex  ; hind  tibiae  yellowish  brown,  reddish  toward 
the  tip,  with  a very  narrow,  generally  faint,  annulation  of  dark 
brown  at  the  base ; spines  tipped  with  black.  Length  of  body, 
three-fourths  of  an  inch. 

Genus  Hippiscus.  Saussure  (1861). 

Large,  or  medium-sized,  glabrous.  Top  of  the  head  with  a 
small  central  ridge.  Pronotum  with  a granular  surface,  truncate 
in  front,  acute  angled  behind,  compressed  centrally  on  the  sides, 
and  above  on  each  side  of  median  carina  ; this  last  with  one  notch  ; 
lateral  carinae  prominent  only  in  the  middle.  Wing  covers  extend- 
ing considerably  beyond  the  end  of  the  abdomen. 

The  species  may  be  separated  as  follows  : — 

( Base  of  the  wings,  pale  yellowish rugosus. 

I Base  of  the  wings,  red tuberculatus. 

Hippiscus  rugosus.  Scudder. 

Head  and  thorax,  dark  brown  ; two  yellowish  bands  run  from 
behind  the  eye  backwards  and  inwards,  nearly  or  quite  meeting 
one  another  a little  in  advance  of  the  middle  of  the  pronotum, 
where  they  diverge  and  strike  the  hinder  edge  of  the  pronotum  at 
the  outer  angles  ; there  are  two  yellowish  spots,  one  below  the 
other,  on  the  sides  of  the  pronotum  ; wing  covers  marked  with 
large  dark  blotches,  generally  occupying  the  larger  portion  of  the 
wing  ; the  tip  of  the  wing  cover  pellucid,  nearly  free  from  spots  ; 
wings  with  the  basal  color,  pale  yellowish,  and  the  apical  portion 
dusky.  Length  of  body,  from  one  inch  to  one  and  one-fourth. 

Hippiscus  tuberculatus.  Palisot  de  Beauvois. 

The  Red-winged  Grasshopper. 

Antennae  of  female  rather  short  and  stout ; pronotum  granu- 
lated, scarcely  spotted,  plain  above ; median  carina  of  uniform 
height  throughout.  Wing  covers  spotted  with  brown  ; base  of 
wings  red,  costa  and  outer  margin  fuscous. 

This  species  has  been  generally  called  phoenicopterus ; but  Saus- 
sure has  shown  that  they  are  distinct  species. 

Genus  Dissosteira.  Scudder  (1876). 

Head  prominent,  vertex  elevated  and  tumid ; antennae  of  the 
male  not  thickened  before,  nor  tapering  at,  the  tip  ; posterior  lobe 
of  the  pronotum  somewhat  enlarged,  median  carina  much  elevated, 
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deeply  notched  near  the  middle,  the  posterior  lobe  much  arched. 
Insects  of  large  size. 

• Saussure  unites  the  genus  Spharagemon , Scudder,  established 
in  1875,  with  Dissosteira,  and  adopts  the  latter  name  because  of 
the  gender  of  the  former  ! 

The  species  may  be  separated  as  follows  : — 

1 fBase  of  the  wings  black Carolina. 

I Base  of  the  wings  light  yellow 2. 

2 f Apex  of  the  wings  with  dusky  spots  at  the  tip  . . marmorata. 

I Apex  of  the  wings  without  dusky  spots  at  the  tip  . . 3. 

3 f Body  pale,  sparingly  punctured bollii. 

1 Body  deeply  punctured,  and  irrorate  with  black  . cequalis. 

Dissosteira  Carolina.  Linneus. 

Pale  yellowish  brown,  with  small  dusky  spots ; wings  black, 
with  a broad  yellow  hind  margin,  which  is  covered  with  dusky 
spots  at  the  tip.  Length,  from  one  to  one  and  one-half  inches. 

Dissosteira  cequalis.  Say. 

Ashy  gray,  mottled  with  dusky  brown  and  white  ; wing  covers 
semi-transparent  at  tip,  with  numerous  dusky  spots,  so  run  together 
as  to  form  three  tranverse  bands  ; basal  half  of  wings  light  yellow, 
transparent,  with  dusky  veins  and  a few  spots  at  the  tip,  and  an 
intermediate  broad  black  band,  which  reaches  the  inner  angle  of 
wing,  curving  and  growing  narrower  on  the  hind  margin  ; hind 
tibiae  coral  red,  spines  tipped  with  black,  and  a wide  white  annul- 
ation  below  the  knees.  Length,  one  and  one-fourth  inches. 

Dissosteira  bollii.  Scudder. 

Brownish  fuscous,  the  face  with  a grayish  cinereous  (in  the  male) 
or  yellowish  cinereous  (in  the  female)  tinge,  distinctly  punctate, 
the  pits  dusky  or  blackish  ; antennae  brownish  yellow  on  the  basal 
half,  infuscated  beyond,  the  whole  more  or  less  annulate  with 
dusky  yellow  and  blackish  in  the  male.  Wing  covers  flecked 
throughout  with  minute  blackish  spots.  Wings  light  greenish  yel- 
low at  the  base,  with  a broad  median  arcuate  band,  blackish  in 
color,  sending  out  a broad  short  shoot  toward  the  base  next  the 
upper  border.  Beyond,  the  wing  is  at  first  hyaline,  with  broad 
blackish,  fuliginous  veins,  while  the  extreme  tip  is  black,  as  the 
median  band.  Hind  femora  dull  brownish  ; the  basal  two-fifths  of 
the  hind  tibiae  blackish,  with  a broad  whitish  annulus  beyond, 
coral  red.  Crest  of  pronotum  very  high,  that  of  the  posterior  lobe 
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independently  arched,  much  more  elevated  in  front  than  behind. 
Length  of  body,  about  one  and  one-fourth  inches. 

Mr.  Scudder  has  described  a species  under  the  name  of  D.  baltea- 
tum;  but  Saussure  considers  it  only  a variety  of  the  above  species. 


Dissosteira  marmorata.  Harris. 

The  Marbled  Grasshopper. 

Ash-colored,  variegated  with  pale  yellow  and  black  ; thorax  sud- 
denly narrowed  before  the  middle,  the  slightly  raised  longitudinal 
line  on  the  top  cut  through  in  the  middle  by  a transverse  fissure  ; 
wing  covers  marbled  with  large  whitish  and  black  spots,  and  semi- 
transparent at  the  end  ; wings  light  yellow  on  the  half  next  the 
body,  transparent  near  the  end,  with  two  black  spots  on  the  tip, 
and  a broad  intermediate  black  band,  which,  narrowed  and  curv- 
ing inwards  on  the  hind  margin,  nearly  reaches  the  inner  angle ; 
hind  femora  pale  yellow,  black  at  the  extremity,  and  nearly  sur- 
rounded by  two  broad  black  bands ; hind  tibiae  coral  red,  with  a 
black  ring  below  the  knee,  and  followed  by  a white  ring,  black  at 
the  lower  extremity  also,  with  tips  of  the  spines  black.  In  some 
individuals,  an  additional  black  ring  below  the  white  one  on  the 
tibiae.  Length,  from  three-fourths  to  one  inch. 

Genus  Psinidia.  Stal  (1873). 

Antennae  of  the  male  elongated,  somewhat  stout  and  flattened ; 
pronotum  with  a granulated  or  tuberculated  surface,  rounded  in 
front,  acute  angled  behind ; median  carina  with  two  notches, 
lateral  carinae  distinct  on  the  posterior  lobe. 


Psinidia  fenistralis.  Serville. 

The  Long-horned  Grasshopper. 

Ash-colored,  variegated  with  gray  and  dark  brown ; antennae 
nearly  as  long  as  the  body,  and  with  flattened  joints  ; thorax  very 
much  compressed  laterally,  before  the  middle  ; wing  covers  and 
wings  long  and  narrow  ; the  former  variegated  with  dusky  spots, 
and  semi-transparent  at  the  tip ; wings  next  to  the  body  Ver- 
million red,  yellow,  sometimes  pale,  sometimes  deep  and  almost 
orange-colored,  at  other  times  uncolored  and  semi-transparent ; 
with  a broad  black  band  across  the  middle,  which  is  narrowed  and 
prolonged  on  the  hinder  margin,  and  extends  quite  to  the  inner 
angle  ; beyond  the  band,  the  wings  are  transparent,  with- the  tips 
black  or  covered  with  blackish  spots ; hind  tibiae  whitish,  with  a 
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black  ring  at  each  end,  a broad  one  of  the  same  color  just  above 
the  middle,  and  the  spines  tipped  with  black.  Length,  three- 
fourths  of  an  inch.  The  wings  of  this  species  are  very  variable 
in  color  at  the  base. 

. Genus  Trimerotropis.  Stal  (1873). 

Body  slightly  wrinkled,  and  covered  with  fine  hairs  ; pronotum 
slightly  angled  in  front  and  acutely  angled  behind,  and  slightly 
wrinkled  ; median  carina  broken  by  tWo  wide  notches  ; wing  covers 
long  and  narrow. 

Trimerotropis  maritima.  Harris. 

Ash  gray ; face  variegated  with  white  ; wing  covers  sprinkled 
with  minute  brownish  spots,  and  semi-transparent  at  tip  ; wings 
transparent,  faintly  tinged  with  yellow  next  the  body,  uncolored 
at  tip,  with  a series  of  irregular  blackish  spots  forming  a curved 
band  across  the  middle  ; hind  tibiae  and  feet  pale  yellow,  with  the 
extreme  points  of  the  spines  black.  Length,  from  three-fourths 
to  one  and  one-fourth  inches. 

Genus  Circotettix.  Scudder  (1876). 

Body  pubescent  and  punctured.  Eyes  somewhat  prominent, 
separated  above  by  a space  about  equal  to  their  width ; antennae 
but  little  longer  than  the  head  and  prothorax  combined  ; pronotum 
with  the  front  lobe  slightly  narrower  than  the  head  ; median  carina 
on  the  anterior  portion  of  the  front  lobe,  obsolete  on  the  posterior 
portion,  and  inconspicuous  on  the  hind  lobe  ; front  margin  scarcely 
angulated,  hind  margin  rectangular ; lateral  carinae  distinct  on 
posterior  lobe,  but  not  prominent ; surface  slightty  wrinkled. 
Wings  and  wing  covers  much  longer  than  the  body. 

Circotettix  verruculatus.  Kirby. 

Ash-colored,  mottled  with  black  and  gray ; wing  covers  semi- 
transparent beyond  the  middle,  with  numerous  blackish  spots 
which  run  together  at  the  base,  and  form  a band  across  the 
middle  ; wings  broad,  light  yellow  on  the  basal  half,  the  remainder 
dusky  but  transparent,  with  black  net-work,  and  deep  black  at  tip, 
and  an  intermediate,  irregular  band,  formed  by  a contiguous  series 
of  black  spots,  reaching  only  to  the  hind  margin,  but  not  contin- 
ued toward  the  inner  angle  ; hind  tibiae  pale  yellow,  with  a black 
ring  below  the  knees,  a broader  one  at  the  extremity,  and  a black- 
ish spot  behind  the  upper  part  of  the  tibia.  Length,  nearly  one 
inch. 
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Synopsis  of  the  Tettigince. 
j f Pronotum  arched  roundly  .... 

1 Pronotum  nearly  or  quite  horizontal 
0 f Antennae  with  thirteen  or  fourteen  joints 
1 Antennae  with  twenty-two  joints  . 


Batrachidea. 

2. 

Tettix. 

Tettigidea. 


Genus  Tettix.  Fischer  (1853). 

Head  generally  small ; eyes  globular,  somewhat  prominent ; 
antennae  composed  of  thirteen  or  fourteen  joints,  filiform ; prono- 
tum extending  back  over  the  abdomen  to  or  beyond  its  extremity  ; 
the  lower  anterior  angle  of  the  sides  angulated  and  bent  inward ; 
the  lateral  carinae  somewhat  prominent,  convergent  near  the  front 
border.  Wing  covers  short,  in  the  form  of  oval  scales.  Wings 
well  developed,  usually  as  long  or  longer  than  the  abdomen,  and 
slightly  curving  upward  at  the  end.  Pronotum  without  any  spine 
or  tubercle.  Species  small. 

The  species  may  be  separated  as  follows  : — 


1 f Length  about  half  an  inch  . . . . 

I Length  about  one-fifth  of  an  inch 

9 ( Length  to  tip  of  wings,  .55  to  .60  of  an  inch 
l Length  to  tip  of  wings  half  an  inch  or  less  . 

2 f Pronotum  advanced  to  the  eyes 

l Pronotum  not  advanced  to  the  eyes 


2. 

triangularis. 

granulatus. 

3. 

cucullatus. 

ornatus. 


Tettix  granulatus.  Kirby. 

Cinereous,  obscurely  clouded  with  black,  the  whole  body  granu- 
lated with  very  minute,  elevated,  whitish  points.  Pronotum  longer 
than  the  abdomen,  tricarinate.  Tibiae  reddish,  ob- 
scurely banded  with  white.  Body  black,  sprinkled 
with  numberless  very  minute  elevated  points  or  gran- 
ules. Pronotum  cinereous,  clouded  obscurely  with 
black ; the  middle  carina  straight,  and  the  lateral  ones 
curved  at  the  base.  The  rudiments  of  wing  covers 
cinereous,  ridged,  with  excavated  punctures  ; nerves  of 
the  wings  black,  those  of  the  costal  area  white.  The 
fore  anterior  tibiae  reddish,  obscurely  annulated  with  granulatus. 
white.  Length,  nearly  half  an  inch. 


Tettix  ornatus.  Say. 

Smaller  than  T.  granulatus;  vertex  but  little  in  advance  of  the 
eyes,  and  front  border  nearly  straight,  instead  of  angulated.  Pro- 
notum shorter  than  in  the  preceding ; wings  smaller.  Both  this 
and  the  preceding  species  have  almost  every  conceivable  variation 
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of  ornamentation  ; but,  as  has  been  remarked,  color  and  ornamen- 
tation have  but  little  value  in  separating  the  species  of  Tettix. 

Tettix  cucullatus.  Scudder. 

Vertex  at  the  front  border  smaller  than  across  the  middle  of  the 
prominent  eyes.  Testaceous-fuscous,  granulose.  Pronotum  dilated 
in  front,  advanced  upon  the  head  to  the  eyes.  Length,  nearly 
half  an  inch. 

It  differs  from  T.  granulatus , which  it  most  resembles,  in  having 
the  vertex  very  narrow,  slightly  less  than  the  diameter  of  the 
much-inflated  eyes,  the  front  cut  off  square,  and  slightly  hollowed, 
not  projecting  outward  so  far  as  the  eyes.  The  pronotum  is 
broader  and  more  compact  over  the  thorax,  more  suddenly  sloped 
off  behind,  and  extending  backward  nearly  twice  the  length  of  the 
abdomen,  the  wings  overreaching  slightly.  The  punctures  on  the 
wing  covers  not  so  deep. 

Tettix  triangularis.  Scudder. 

Allied  to  T.  ornatus , and  agreeing  with  it  in  ornamentation,  in 
the  character  of  the  vertex  and  prominence  of  the  eyes,  but  dif- 
fering in  the  length  of  the  pronotum  and  wings.  As  in  both  of 
the  preceding  species,  the  pronotum  and  wings  are  of  equal  length, 
but  in  this  species  the  pronotum  is  scarcely  longer  than  the  body, 
and  is  not  produced  backward  into  such  a slender  point,  the  sides 
being  straighter.  Length,  three  times  the  breadth ; length  of  pro- 
notum, .17  of  an  inch. 

Genus  Tettigidea.  Scudder  (1862). 

More  robust  and  clumsy  than  Tettix , head  larger,  more  swollen 
upon  the  top,  and  less  sloping  down  the  front ; antennae  consisting 
of  twenty-two  joints,  which  are  cylindrical  and  not  flattened.  The 
lower  anterior  angle  of  the  sides  of  the  pronotum,  which  is  angu- 
lated  and  bent  inwards  in  Tettix , is  here  rounded  and  straighter ; 
the  lateral  carinae  are  not  so  prominent  as  there,  or  so  strongly 
bent  inwards  in  advance  of  the  broader  portion  ; the  front  border 
is  thrust  forward  at  an  angle  partially  concealing  the  head. 
Wing  covers  considerably  longer  and  narrower  than  in  Tettix. 
This  genus  further  differs  from  Tettix , in  having  a small  circular 
space,  without  facets,  set  off  from  the  upper,  inner  border  of  the 
eye. 

The  species  may  be  separated  as  follows  : — 

j Pronotum  extending  beyond  the  end  of  the  abdomen  . . lateralis. 

\ Pronotum  not  extending  beyond  the  end  of  the  abdomen  . polymorpha. 
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Tettigidea  lateralis.  Say. 

Pale  brownish-testaceous,  with  a lateral,  broad  fuscous  line. 
Pronotum  shorter  than  the  wings.  Antennae  reddish  brown, 
blackish  at  tip.  Pronotum  flattened,  with  small  longitudinal  lines 
or  wrinkles,  and  a more  obvious,  continuous,  elevated  central  line 
extending  the  whole  length.  Wings  brown  on  the  anterior  margin 
toward  the  tip,  and  extending  at  least  one-twentieth  of  an  inch 
beyond  the  pronotum  ; sides  with  a dilated  blackish-brown  line  or 
vitta,  beginning  at  the  eye,  and  including  the  abdomen  above,  and 
each  side.  Legs  brown,  more  or  less  annulated  with  pale  ; under 
side  of  abdomen  pale  yellowish  or  testaceous.  Length,  to  tips  of 
wings,  nearly  half  an  inch. 

Tettigidea  polymorpha.  Burmeister. 

Dark  brown ; sides  blackish ; pronotum  clay-colored  or  pale 
brown,  and  about  as  long  as  the  body.  Wing  covers  with  a small 
white  spot  at  the  tips  ; wings  much  shorter  than  the  pronotum. 
Male  with  the  face  and  edges  of  the  lateral  margins  of  the  pro- 
notum yellow.  This  species  is  much  shorter  and  thicker  than 
T.  lateralis. 

Length,  two-fifths  of  an  inch. 

Genus  Batrachidea.  Serville  (1839). 

Head  larger  than  in  Tettix;  eyes  more  distant;  front  less 
sloping ; antennae  with  twelve  joints ; median  carina  very  high 
and  arched  ; lateral  carinae  indicated  only  in  front. 

The  species  may  be  separated  as  follows  : — 

f Pronotum  reaching  to  the  end  of  the  abdomen  . . . cristata. 

I Pronotum  not  reaching  to  the  end  of  the  abdomen  . . . carinata. 

Batrachidea  cristata.  Harris. 

Vertex  projecting  beyond  the  eyes,  front  border  well  rounded,  a 
little  angulated,  the  median  carina  sharp,  prominent,  sloping  down- 
wards posteriorly,  the  front  deeply  notched  immediately  in  front 
of  the  eyes ; eyes  rather  prominent,  scarcely  more  than  half  as 
broad  as  the  vertex  ; the  pronotum  with  sides  neither  swollen  nor 
hollowed,  of  the  length  of  the  body ; the  median  carina  high, 
regularly  arched ; the  lateral  border  with  two  shallow  grooves, 
one  anterior,  the  other  posterior,  overlapping  one  another  in  the 
middle  ; the  whole  pronotum  is  minutely  scabrous,  and  there  is 
generally  a dark  quadrate  or  triangular  spot  on  either  side,  above 
the  terminal  half  of  the  wing  covers ; wings  reaching  the  tip  of 
the  pronotum.  Length  of  pronotum,  one-third  of  an  inch. 
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Batrachidea  carinata.  Scudder. 

The  head  much  as  in  B.  cristata , with  the  eyes  slightly  larger 
and  more  prominent ; the  median  carina  of  the  pronotum  sharp, 
regularly  arched,  the  pronotum  extending  backward  quite  a dis- 
tance behind  the  tip  of  the  abdomen,  a little  upturned  towards  the 
tip,  with  slightly  longer  wings  ; the  lateral  grooves  are  narrower 
and  less  distinct  than  in  B.  cristata , and  the  upper  surface  is 
more  coarsely  scabrous  than  in  that  species  ; markings  the  same 
as  in  B.  cristata.  Length  of  body,  one-third  of  an  inch ; of 
pronotum,  .43  of  an  inch. 

Family  PHASMIDJE. 

The  Walking-sticks. 

But  a single  member  of  this  family  is  known  to  occur  in  New 
England,  and  it  has  been  placed  in  the  genus  Diapheromera. 

Genus  Diapheromera.  Gray  (1835). 

Body  long,  slender  and  cylindrical.  Head  oval  and  slightly 
inclined.  Antennae  long,  slender,  and  composed  of  numerous 
joints,  and  are  inserted  in  front  of  the  eyes.  Palpi  short,  cylin- 
drical. Legs  simple,  the  anterior  pair  similar  to  the  others. 
Tarsi  five- jointed.  Elytra  very  short,  or  wanting. 

Diapheromera  femorata.  Say. 

The  Common  Walking-stick.  (Fig.  19.) 

Length  of  body,  from  two  and  one-half 
to  three  inches..  Color,  green  or  greenish 
brown,  but  varying  much,  becoming  quite 
brown  towards  the  end  of  the  season. 

Head  of  the  male  with  three  brown 
stripes,  the  female  with  only  two,  one  on 
each  side,  extending  backward  from  the 
base  of  the  antennae. 

Fore  and  middle  femora  armed  with  a 
short  acute  spine  on%;he  under  side,  near 
the  outer  end.  Elytra  entirely  wanting. 

This  insect  feeds  on  the  foliage  of  oak, 
hickory,  locust,  and  has  been  known  to 
attack  the  peach  and  rose  bushes. 

The  eggs,  which  are  black,  and  oval  in 
outline,  are  dropped  loosely  on  the  ground 
in  the  fall,  and  do  not  hatch  till  the  suc- 
ceeding year,  and  sometimes  not  till  the 
second  year.  They  change  but  little  ex- 
cept in  size  and  color  during  their  early 
life,  and  molt  but  twice. 
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Family  BLATTIDiE. 

Cockroaches. 

Body  usually  depressed  and  oval.  Pronotum  shield-like.  Legs 
adapted  for  running  only.  Wing  covers  usually  leathery,  opaque, 
overlapping  (if  well  developed)  when  at  rest.  Head  bent  down, 
face  sloping  backwards.  Eyes  large  ; ocelli  rudimentary,  usually 
two.  Antennae  long  and  slender. 

Synopsis  of  the  Genera . 

r Sub-anal  styles  wanting  in  the  males ; last  joint  of  the 

1 J abdomen  of  the  female  not  divided  beneath  . . Blatta. 

i Sub-anal  styles  present  in  the  males ; last  joint  of  the 

abdomen  of  the  female  divided  ......  2. 

2 f Supra-anal  plate  fissured Periplaneta. 

I Supra-anal  plate  not  fissured Platamodes. 

Genus  Blatta.  Linneus  (1758). 

The  insects  placed  in  this  genus  have  a pad  (pulvillus)  between 
the  claws  of  the  feet ; the  seventh  sternum  of  the  abdomen  entire 
in  both  sexes  ; and  the  sub-anal  styles  rudimentary  in  the  males. 

Blatta  germanica.  Fabricius. 

Croton  Bug.  (Fig.  20.) 

Length,  about  half  an  inch.  Color, 
dull  yellowish,  with  a yellowish-brown 
head  and  yellowish  antennae.  Pro- 
notum with  a reddish-brown  longi- 
tudinal band  on  each  side.  Wing 
covers  and  wings  somewhat  longer 
than  the  abdomen. 

The  eggs,  thirty-six  in  number,  are 
laid  in  two  rows  in  a capsule  which 
the  female  carries  around  attached  to 
the  end  of  her  abdomen  ; and,  when  the 
young  hatch,  she  assists  them  in  escaping  from  the  capsule.  The 
young  molt  or  shed  their  skins  six  times  before  they  reach 
maturity,  which  takes  from  four  to  five  months.  They  do  not 
avoid  the  light  as  much  as  the  other  species  of  this  family,  but 
still  are  nocturnal  to  a certain  degree. 

This  species  is  common  in  houses  in  and  about  all  the  large 
cities  in  New  England,  where  it  is  called  the  “ croton  bug.”  It 
feeds  on  almost  everything,  but  prefers  wheat  bread  to  all  other 
articles  of  diet.  It  sometimes  injures  libraries  by  gnawing  the 


Water  Bug. 


3 ? 

Fig.  20. 

Blatta  germanica.  Male  and 
female. 
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bindings  of  books  bound  in  cloth.  The  use  of  Ryrethrum  powder 
on  the  shelves  is  the  best  remedy.  It  has  been  recommended  to 
mix  a teaspoonful  of  powdered  arsenic  with  a tablespoonful  of 
mashed  potato,  and  scatter  about  their  lurking-places  ; but,  when 
poison  is  used,  the  greatest  caution  is  necessary  to  prevent  acci- 
dents. 

Borax  is  also  said  to  be  useful  in  destroying  the  croton  bug. 

Blatta?  flavocincta.  Scudder. 

“ Prothoracic  shield  rather  dark  brown,  slightly  paler  along  the 
median  line,  bordered  throughout  with  a pale  yellowish  band, 
forming  only  a very  narrow  edge  posteriorly ; broader  in  front, 
and  quite  broad  at  the  sides,  covering  all  the  deflexed  border ; the 
edge  at  the  sides  and  front  is  slightly  raised  ; wing  covers  scarcely 
reaching  the  tip  of  the  abdomen,  reddish  brown,  with  the  anterior 
half  of  the  outer  margin  paler,  with  a yellowish  tinge  ; wings  not 
half  the  length  of  the  wing  covers ; abdomen  above  very  dark 
brown ; below,  dark  brown,  the  terminal  segment  being  darkest ; 
legs  yellowish  brown,  with  spines  as  in  B?  lithophila ; head  reddish 
brown  ; sides  below  antenme  yellowish  ; eyes  black  ; antennae  dark 
brown,  paler  toward  tip  ; third  joint  rather  larger  than  the  two 
succeeding  joints,  and  equal  in  size  to  the  second.  Length  of 
body,  fifty-six  hundredths  of  an  inch.” 

Mr.  Scudder  placed  this  species  and  germanica  under  the  genus 
Ectobia,  and  it  may  not  be  properly  placed  here.  He  also 
described  a species  under  Ectobia  as  lithophila  (a  manuscript  name 
of  Harris)  ; but  he  informs  me  that  it  is  very  likely  to  be  the  larva 
of  Platamodes  pennsylvanica. 

Genus  Periplaneta.  Burmeister  (1838). 

Last  abdominal  sternum  of  the  female  divided ; sub-anal  styles 
of  the  male  well  developed.  Antennae  slim  and  tapering,  longer 
than  the  body.  Legs  long  and  very  spiny. 

I Wing  covers  and  wings  extending  beyond  the  end  of  the 
i abdomen  in  both  sexes  .......  americana. 

i Wing  covers  and  wings  not  reaching  to  the  end  of  the 
^ abdomen  in  the  males,  rudimentary  in  the  females.  . orientalis. 

Periplaneta  americana.  Fabricius. 

Length,  one  inch  and  one-fourth.  Color,  reddish  brown,  with 
paler  indistinct  bands  on  the  pronotum.  Wings  and  wing  covers 
well  developed  in  both  sexes,  and  extending  beyond  the  end  of 
the  abdomen.  Legs  much  lighter  in  color  than  the  body. 
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Periplaneta  orientalis.  Linneus. 

Length,  about  four-fifths  of  an  inch.  Color,  dark  brown.  Pro- 
notum  not  banded  ; legs  of  a lighter  color  than  the  body.  Wings 
and  wing  covers  of  the  male  well  developed, 
reaching  nearly  to  the  end  of  the  abdomen. 
Wings  wanting  in  the  female,  and  whig  covers 
very  small,  not  more  than  one-fifth  of  an  inch 
long. 

The  female  lays  sixteen  eggs  in  two  rows  in  a 
large  horny  capsule,  which  she  carries  with  her 
for  seven  or  eight  days,  when  she  drops  it  in  a 
warm  and  sheltered  place.  When  the  young 
hatch,  they  discharge  a fluid  which  softens  the 
cement  along  the  edge  of  the  capsule,  and  ena- 
bles them  to  escape  without  assistance.  The 
young  larvae  are  white  at  first,  differing  from 
Periplaneta  orientalis.  the  adult  only  in  size,  color  and  the  absence  of 
wings.  They  run  about  with  great  activity,  feeding  upon  any 
starchy  food  they  can  find. 

This  species  is  nocturnal  in  its  habits,  and  flees  at  the  first 
appearance  of  light.  It  is  a great  pest,  for  it  devours  almost  any- 
thing that  comes  in  its  way,  as  flour,  bread,  meat,  cheese,  woolen 
clothes,  and  even  old  leather.  Various  methods  have  been  sug- 
gested for  their  destruction,  but  one  of  the  best  is  to  use  a small 
wooden  box,  having  a circular  hole  at  the  top,  with  a glass  rim,  out 
of  which  they  cannot  escape.  It  should  be  baited  at  night,  and 
the  contents  thrown  into  hot  water  in  the  morning. 


Genus  Platamodes.  Scudder  (1862). 

“ A genus  more  closely  allied  to  Periplaneta  than  to  any  other, 
but  readily  distinguishable  from  it  by  its  much  narrower  and  more 
elongated  body,  — the  sides  being  sub-parallel  to  one  another 
throughout  their  whole  extent,  while  in  Periplaneta  the  abdomen 
is  much  swollen.  The  wings  and  wing  covers  extend  beyond  the 
abdomen,  the  latter  being  well  rounded  at  the  tip.  The  supra-anal 
plate  is  regularly  rounded,  but  lacks  altogether  the  fissuration  seen 
in  Periplaneta;  but  at  the  same  time  it  is  not  squarely  docked,  as 
in  Stylopyga.  The  anal  cerci  are  somewhat  shorter  and  not  so 
flattened  as  in  Periplaneta , while  the  anal  styles  are  very  short,  and 
turned  abruptly  downwards.  In  Periplaneta  the  sub-genital  plate 
does  not  extend  so  far  backward  as  the  supra-anal.  In  Platamodes 
it  extends  backward  farther.  A further  distinction  between  the 
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two  genera  may  be  seen  at  the  inner  borders  of  the  eyes,  which 
in  Platamodes  are  nearly  parallel,  while  in  Periplaneta  they 
approach  one  another  anteriorly.  I have  only  seen  males.” 


Platamodes  unicolor.  Scudder. 

“ Wings  and  wing  covers,  uniform  pale,  shining  reddish  brown  ; 
head  and  prothoracic  shield  nearly  the  same,  but  slightly  darker, 
particularly  in  the  middle  of  the  latter ; abdomen  a little  darker 
above,  especially  on  the  borders ; cerci  dark  brown ; legs, 
especially  the  tibiae,  darker  than  the  body ; eyes  black ; antennae 
and  palpi  brown ; antennae  reaching  backward  to  tip  of  wing 

covers.  Length  of  body,  .25  inch;  length  to  tip  of  wings,  .35.” 

• 

Family  FORFICULIDAE.  Stephens  (1829). 

Earwigs.  (Fig.  22.) 

Dr.  Packard  has  followed  Leach  and  some  others  in  separating 
the  earwigs  from  the  Orthoptera,  and  has 
established  the  Order  Dermatoptera  for  their 
reception. 

We  have  but  a single  species  in  New 
England,  common  also  in  Europe,  and  Fig.  22. 

placed  in  the  genus  Labia.  Earwig.  Forficuia. 


Genus  Labia.  Leach  (1817). 

Body  small  and  convex  ; head  moderately  large  ; antennae  com- 
posed of  from  ten  to  fifteen  joints.  Pronotum  somewhat  smaller 
than  the  head;  wing  covers  always  present,  though  the  wings  are 
sometimes  wanting.  Abdomen  somewhat  widened  in  the  middle, 
the  last  segment  much  larger  than  the  others,  and  armed  with  a 
pair  of  forceps  separated  at  the  base  in  the  males,  but  not  separated 
in  the  females.  Legs  comparatively  short ; the  first  joint  of  the 
tarsi  as  long  as  the  other  two,  and  the  second  is  the  shortest. 

Labia  minor.  Linneus. 

The  Little  Earwig. 

Length  of  body,  including  forceps,  one-fourth  of  an  inch.  Head 
and  sides  of  abdomen  nearly  black.  Mouth  parts,  antennae, 
thorax,  wing  covers,  exposed  portion  of  the  wings,  and  the  middle 
of  the  upper  side  of  the  abdomen,  yellowish  brown  ; the  last  seg- 
ment of  the  abdomen  and  the  forceps  reddish  brown.  Legs  and 
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last  two  joints  of  antennae  honey  yellow.  Entire  surface  of  the 
body  covered  with  fine,  short  hairs. 

This  species  remains  concealed  daring  the  day,  but  flies  about 
at  night,  and  is  sometimes  attracted  into  houses  by  the  light.  It 
was  taken  in  this  way  at  Amherst,  Mass.,  at  8 p.  m.,  Aug.  25, 
1887.  It  is  probably  not  abundant  enough  to  do  any  considerable 
damage,  but  in  Europe  they  are  at  times  very  injurious  to  flowers 
and  fruits ; and  they  are  caught  in  traps,  consisting  of  hollow 
tubes  closed  at  one  end,  which  are  set  up  in  the  gardens,  and  in 
which  they  conceal  themselves.  The  hollow  stems  of  the  sun- 
flowers are  used  for  this  purpose,  as  the  earwigs  are  fond  of  the 
remains  of  the  sweet  pith. 

Curtis  states  that  the  female  earwig  lays  her  cluster  of  little 
oval,  opaque,  yellowish  eggs  under  a fallen  leaf  or  other  sheltered 
place,  then  nestles  upon  them  as  a hen  does  on  her  eggs,  and  then 
probably  protects  and  feeds  her  young. 

The  term  earwigs,  which  has  been  applied  to  these  insects  in 
Europe,  and  very  generally  in  this  country,  has  sometimes  been 
incorrectly  given  to  one  of  the  Myriopods. 
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DEFINITION  OF  TERMS. 


Antennae.  Two  jointed,  thread-like  appendages  on  the  front  of  the  head. 
Carina  (plural  Carince) . A keel  or  ridge. 

Cerci.  The  small  appendages  issuing  from  the  sides  of  the  last  abdom- 
inal segment. 

Cinereous.  An  ash-gray  color. 

Clavaie.  Having  a thickened,  club-like  extremity. 

Costa.  It  is  usually  applied  to  the  median  carina  of  the  face ; but  is 
also  applied  to  the  front  margin  of  the  wings  and  elytra. 

Dentate.  Furnished  with  a tooth. 

Disk.  The  middle  surface. 

Dorsum.  The  upper  surface  or  back  of  the  thorax,  abdomen,  etc. 
Dorsal.  Pertaining  to  the  upper  surface. 

Elongate.  Signifies  that  the  part  is  longer  than  it  is  wide. 

Elytra.  The  wing  covers.  The  anterior  or  upper  wings. 

Femora.  The  thighs. 

Filiform,.  Slender,  or  thread-like. 

Foveola.  A cavity  or  cellular  depression. 

Fulvous.  Tawny,  or  light  yellowish  brown. 

Fuscous.  Dark  brown,  or  sooty  color. 

Ganglion  (plural  Ganglia ) . A nervous  mass  or  enlargement. 

Glabrous.  Smooth  or  polished. 

Hyaline.  Transparent,  with  a greenish  tinge. 

Lateral  lobes  of  the  pronotum.  The  deflexed  portions  that  cover  the 
sides  of  the  thorax. 

Medial  or  Median.  Occupying  the  middle. 

Mesonotum.  The  upper  or  dorsal  surface  of  the  mesothorax. 
Mesosternum.  The  under  surface  of  the  mesothorax. 

Mesothorax.  The  middle  part  of  the  thorax,  to  which  the  wing  covers 
and  middle  pair  of  legs  are  attached. 

Metanotum.  The  upper  or  dorsal  surface  of  the  metathorax. 
Metasternum.  The  under  surface  of  the  metathorax. 

Metathorax.  The  posterior  part  of  the  thorax,  to  which  the  wings  and 
hind  pair  of  legs  are  attached. 

Nerves.  The  larger  ribs  or  veins  of  the  wings  and  wing  covers,  extend- 
ing from  the  base  toward  the  apex. 

Nervules.  The  smaller  connecting  veins  of  the  wings  and  wing  covers. 
Ocelli  (singular  Ocellus).  The  three  simple  or  little  eyes. 

Pectus.  The  breast  or  under  surface  of  the  thorax. 

Pronotum.  The  shield  which  covers  the  front  part  of  the  thorax. 
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Prosternum.  The  under  surface  of  the  prothorax. 

Prothorax.  The  anterior  division  of  the  thorax,  to  which  the  head  is 
joined. 

Pulvilli  (singular  Pulvillus ).  The  little  pads  between  the  claws. 

Punctate  or  Punctured.  Containing  numerous  small,  point-like  depres- 
sions or  punctures. 

Reticulated.  Furnished  with  veining  or  markings  like  net-work. 

Scabrous.  Covered  with  small,  slight  elevations. 

Spurs.  The  strong  spines  at  the  apex  of  the  tibiae. 

Sulcus.  A linear  groove  or  channel . 

Suture.  A seam  or  impressed  line;  generally  used  in  reference  to 
the  junction  of  two  pieces  or  plates. 

Tarsus  (plural  Tarsi ) . The  jointed  foot. 

Tibia  (plural  Tibice).  The  part  of  the  leg  between  the  thigh  and  the 
foot. 

Tricarinate.  Having  three  keels  or  carince. 

Tuber culate.  Covered  with  tubercles. 

Unarmed.  Without  a spine ; unspined. 

Vertex.  The  front  portion  of  the  upper  surface  of  the  head,  between 
and  in  front  of  the  eyes. 
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A LIST  OF  THE  NEW  ENGLAND  ORTHOPTERA, 

With  the  Principal  Synonyms. 


GRYLLIDiE. 


Tridaotylus  terminalis , Uhler,  Mss. 
(Scudder.) 

Gryllotalpa  borealis , Burmeister. 

Gr.  brevipennis,  Serville. 
Gryllotalpa  Columbia , Scudder. 

G.  longipennis,  Scudd. 

Gryllus  abbreviatus , Serv. 

Gr.  angustus,  Scudd. 


Gryllus  luctuosus , Serv. 

Gr.  pennsylvanicus,  Burm. 
Gr.  neglectus,  Scudd. 

Gr.  niger,  Harris. 
Nemobius  fasciatus,  De  Geer. 

N.  vittatus,  Harr. 
(Ecanthus  niveus , Serv. 

(E.  fasciatus,  Fitch. 


LOCUSTIDiE. 


Ceuthophilus  maculatus,  Harr. 

Phal.  lapidicola,  Burm. 
Ceuthophilus  brevipes , Scudd. 
Cyrtophyllus  concavus , Harr. 

Platy.  perspicillatum,  Serv. 
Amblycorypha  oblongifolia , De 
Geer. 

Amblycorypha  rotundifolia , Scudd. 
Microcentrum  laurifolium,  Linneus. 

Micro,  affiliatum,  Scudd. 
Scudderia  curvicauda,  De  Geer. 
Gryl.  myrtifolius,  Drury. 
Phan,  angustifolia,  Harr. 


Conocephalus  ensiger,  Harr. 
Conocephalus  robustus,  Scudd. 
Xiphidium  fasciatum,  De  Geer. 

Orch.  gracile,  Harr. 
Xiphidium  brevipenne,  Scudd. 
Xiphidium  vulgare , Harr. 
Xiphidium  continuum,  Scudd. 
Xiphidium  glaberrimum , Burm. 
Thyreonotus  dorsalis , Burm. 
Thyreonotus  pachymerus,  Burm. 


ACRIDIDiE. 


Pezotettix  glacialis , Scudd. 
Pezotettix  manca , Smith. 
Pezotettix  borealis , Scudd. 
Acridium  alutaceum,  Harr. 
Acridium  rubiginosum , Harr. 
Melanoplus  femoratus,  Burm. 
C.  bivittatus,  Uhl. 

L.  leucostoma,  Kirby. 

A.  flavivittatum,  Harr. 


Melanoplus  punctulatus , Scudd. 
Melanoplus  collinus , Scudd. 
Melanoplus  rectus , Scudd. 
Melanoplus  femur-rubrum , De 
Geer. 

Melanoplus  atlanis , Riley. 

M.  atlantis,  Scudd. 

Paroxya  atlantica , Scudd. 
Opomala  brachyptera , Scudd. 


142 


AGRICULTURAL  COLLEGE. 


[Jan. 


Chloealiis  viridis , Scudd. 

Chloealtis  punctulata , Scudd. 
Chloealtis  conspersa , Harr. 
Stenobothrus  curtipennix,  Harr. 

Sten.  longipennis,  Scudd. 
Stenobothrus  maculipennis , Scudd. 
Sten.  aequalis,  Scudd. 

Sten.  bilineatus,  Scudd. 
Stetheophyma  lineata,  Scudd. 
Arphia  sulphured.  Fab. 

Arphia  xanthoptera,  Burm. 
Chortophaga  viridifasciata,  De 
Geer. 

T.  infuscata,  Harr. 

T.  radiata,  Harr. 
Encoptolophus  sordidus , Burm. 

(E.  nebulosa,  Harr. 

Camnula  pellucida,  Scudd. 

(E.  atrax,  Scudd. 

Eippiscus  rugosus,  Scudd. 
Hippiscus  tuber culatus.  Pal.  de 
Beau. 

(Ed.  obliterata,  Burm. 

(Ed.  phoenicoptera,  Thos. 


Dissosteira  Carolina,  Linn. 
Dissosteira  cequalis , Say. 
Dissosteira  bollii,  Scudd. 
Dissosteira  marmorata , Harr. 
Psinidia  fenistralis,  Serv. 

(E.  eucerata,  Harr. 
Trimerotropis  maritima,  Harr. 
Circotettix  verruculatus , Kirby. 

Loc.  latipennis,  Harr. 
Tettix  granulatus,  Kirby. 

T.  ornata,  Harr. 

Tettix  ornatus.  Say. 

T.  arenosa,  Burm. 

T.  dorsalis,  Harr. 

T.  quadrimaculata,  Harr. 
T.  bilineata,  Harr. 

T.  sordida,  Harr. 

Tettix  cucullatus,  Scudd. 

Tettix  triangularis,  Scudd. 
Tettigidea  lateralis,  Say. 
Tettigidea  polymorpha,  Burm. 

T.  parvipennis,  Harr. 
Batrachidea  cristata , Harr. 
Batrachidea  carinata,  Scudd. 


PHASMHLE. 

Diapheromera  femorata.  Say. 

BLATTIDJE. 

Blalta  germanica.  Fab.  Periplaneta  orientalis,  Linn. 

Blatta  Vflavocincta,  Scudd.  Platamodes  unicolor,  Scudd. 

Periplaneta  americana.  Fab. 


F ORFICULIDiE . 


Labia  minor,  Linn. 

L.  minuta,  Scudd. 


1888.] 


PUBLIC  DOCUMENT  — No.  31. 


143 


INDEX  OF  FAMILIES  AND  GENERA. 


Acridiclae, 

Page 

26 

Labia, 

Page 

53 

Acridiura, 

30 

Locustidse, 

18 

Amblycorypha, 

20 

Melanoplus,  . 

31 

Arphia,  . 

39 

Microcentrum, 

21 

Batrachidea,  . 

48 

Nemobius, 

15 

Blatta,  . 

50 

(Ecanthus, 

16 

Blattidse, 

50 

Opomala, 

35 

Camnula, 

41 

Paroxya, 

33 

Ceuthophilus, 

18 

Periplaneta,  . 

51 

Chloealtis, 

35 

Pezotettix, 

28 

Chortophaga, 

39 

Phasmidse, 

49 

Circotettix,  . 

45 

Platamodes,  . 

52 

Conocephalus, 

22 

Psinidia, 

44 

Cyrtophyllus, 

19 

Scudderia, 

22 

Diapheromera, 

49 

Stenobothrus, 

36 

Dissosteira,  . 

42 

Stetheophyma, 

37 

Encoptolophus, 

40 

Tettigidea, 

47 

Forficulidse,  . 

53 

Tettix,  . 

46 

Gryllidse, 

12 

Thyreonotus, 

25 

Gryllotalpa,  . 

13 

Tridactylus,  . 

13 

Gryllus, 

14 

Trimerotropis, 

45 

Hippiscus, 

42 

Xiphidium, 

23 

144 


AGRICULTURAL  COLLEGE.  [Jan. 


INDEX  OF  SPECIES. 


Page  ! Page 


abbreviates, 

15 

fasciatum, 

24 

sequalis, 

43,  58 

fasciatus, 

16,  57 

affiliatum, 

57 

femorata, 

49 

alutaceum, 

31 

femoratus, 

32 

americana, 

51 

femur-rubrum, 

33 

angustifolia, 

. 57 

fenistralis, 

44 

angustus, 

57 

flavivittatum, 

57 

arenosa, 

58 

flavocincta,  . 

51 

atlanis, 

33 

germanica, 

50 

atlantica, 

34 

glaberrimum, 

25 

atlantis, 

57 

glacialis, 

29 

atrax, 

58 

gracile, 

57 

bilineata, 

58 

granulatus, 

46 

bilineatus, 

58 

infuscata, 

40,  58 

bivittatus, 

57 

lapidicola, 

57 

bollii, 

43 

lateralis, 

48 

borealis, 

14,  30 

latipennis, 

58 

brachyptera, 

35 

laurifolium,  . 

21 

brevipenne, 

24 

leucostoma,  . 

57 

brevipennis, 

57 

lineata, 

38 

brevipes, 

19 

longipennis,  . 

57,  58 

carinata, 

49 

luctuosus, 

15 

Carolina, 

43 

maculatus, 

19 

collinus, 

32 

maculipennis, 

37 

Columbia, 

14 

manca,  . 

30 

concavus, 

20 

maritima, 

45 

concinnum, 

25 

marmorata,  . 

44 

conspersa, 

36 

minor,  . 

53 

cristata, 

48 

minuta,  . 

58 

cucullatus, 

47 

myrtifolius,  . 

57 

curtipennis, 

37 

nebulosa, 

58 

curvicauda, 

22 

neglectus, 

#57 

dorsalis, 

26,  58 

niger,  . 

57 

dorsatus, 

57 

niveus,  . 

17 

ensiger, 

22 

obliterata, 

58 

eucerata, 

58 

oblongifolia, 

21 

1888-1  PUBLIC  DOCUMENT  — No.  31. 


145 


orientalis, 
ornata,  . 
ornatus, 
pachymerus,  . 
parvipennis,  . 
pellucida, 
pennsylvanicus, 
perspicillatum, 
phcenicoptera, 
polymorpha,  . 
punctulata, 
punctulatus,  . 
quadrimaculata , 
radiata, 
rectus,  . 
robustus, 


rotundifolia, 

Page 

21 

rubiginosum, 

31 

rugosus, 

42 

sordida, 

58 

sordidus, 

41 

sulphurea, 

39 

terminalis, 

13 

triangularis,  . 

47 

tuberculatus, 

42 

unicolor, 

53 

verruculatus, 

45 

viridifasciata, 

40 

viridis, 

36 

vittatus, 

57 

vulgare, 

24 

xanthoptera,  . 

39 

Page 

52 

58 

46 

26 

58 

41 

57 

57 

58 

48 

36 

32 

58 

58 

32 

23 


PUBLIC  DOCUMENT. 


No.  31. 


TWENTY-SIXTH  ANNUAL  EEPOET 

OF  THE 

MASSACHUSETTS 

Agricultural  College. 


JANUARY,  1889. 


BOSTON : 

WRIGHT  & POTTER  PRINTING  CO.,  STATE  PRINTERS, 
18  Post  Office  Square. 

1889. 


PUBLIC  DOCUMENT. 


No.  31. 


TWENTY-SIXTH  ANNUAL  REPORT 


or  THK 


MASSACHUSETTS 

Agricultural  College. 


JANUARY,  1889. 


BOSTON : 

WRIGHT  & POTTER  PRINTING  CO.,  STATE  PRINTERS, 
18  Post  Office  Square. 

1839. 


Commantocalljj  of  IftassatjiRSttls. 


Massachusetts  Agricultural  College, 
, Amherst,  Jan.  10, 1889. 

To  the  Honorable  Senate  and  House  of  Representatives. 

I have  the  honor  herewith  to  transmit  to  your  honorable 
body  the  Twenty-sixth  Annual  Report  of  the  Trustees  of 
the  Massachusetts  Agricultural  College. 

I am,  very  respectfully, 

Your  obedient  servant, 


HENRY  H.  GOODELL. 


■ 


CONTENTS. 


Page 

Report  of  Trustees, 7-26 

Notice  of  Henry  Colt, 7 

Repairs  and  Alterations, 8 

The  College  Herd, 10 

Faculty  and  Students, 11 

Library, 11 

Experiment  Department, 12 

Increase  of  Maintenance  Fund  of  College, 18 

Occupations  of  Graduates, 24 

Gifts, 25 


Report  of  Treasurer, 27 

Report  of  Chemical  Department, 31 

Report  of  Military  Department, 33 

Calendar, 39 

Catalogue  of  Faculty  and  Students, 41 

Course  of  Study, 47 

Schedule  of  Term  Exercises, 49 

Requirements  for  Admission, 53 

Expenses, 54 

Scholarships, 55 

Equipment, 56 

Tuberculosis, 64 

Construction  of  Roads, 82 


ANNUAL  REPORT  OF  THE  TRUSTEES 


OF  THE 

MASSACHUSETTS  AGRICULTURAL  COLLEGE. 


To  the  Honorable  Senate  and  House  of  Representatives. 

It  is  peculiarly  fitting  that  in  our  record  of  the  year  just 
elapsed  we  should  for  a moment  linger  over  the  memory  of 
one  whose  long  and  intimate  connection  with  the  college  will 
always  give  him  a prominent  place  in  its  history.  Almost 
the  only  survivor  of  the  original  Board  of  Trustees,  Mr.  Colt 
lived  to  see  the  college  he  had  been  so  largely  instrumental 
in  founding,  solidly  established,  and  entering  upon  a career 
of  usefulness  and  prosperity.  He  gave  to  it  his  thought, 
his  time,  his  strength  ungrudgingly,  and  added  his  name  to 
the  list  of  its  benefactors  by  subscribing  five  hundred  dollars 
to  the  permanent  fund  of  its  library.  The  very  last  labor 
he  ever  performed  was  for  it,  and  amid  the  weakness  and 
languor  of  approaching  death,  he  audited  for  the  last  time 
its  accounts,  but  a few  short  hours  before  his  Master  called 
him.  Of  the  estimation  in  which  he  was  held,  I may  be 
permitted  to  speak  in  the  words  of  his  long-time  friend  and 
associate,  Hon.  Daniel  Needham. 

“ The  death  of  Henry  Colt  of  Pittsfield,  one  of  the  original 
trustees  of  the  Agricultural  College,  has  occurred  since  the 
last  annual  report,  and  mention  of  this  early  and  devoted 
friend  of  the  institution  is  not  out  of  place. 
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“ From  the  first  organization  of  the  Board  of  Trustees  to 
his  death,  Mr.  Colt  did  constant  and  valuable  work  in 
developing  the  college,  and  in  disabusing  the  public  mind  of 
prejudice  with  regard  to  its  purpose  and  object.  From  the 
first  organization  of  the  Board  he  served  as  auditor,  and  in 
that  responsible  capacity  gave  the  college  the  benefit  of  his 
great  natural  tact,  increased  tenfold  by  his  ripe  experience 
and  careful  observation  in  matters  of  practical  finance. 

“ His  long  and  varied  business  pursuits  had  made  him  a 
man  sought  not  only  by  the  unanimous  expressions  of  his 
own  townsmen,  but  by  large  business  corporations,  notably 
by  the  Boston  and  Albany  Railroad,  as  a director  and 
trusted  counsellor. 

“ His  work  and  influence  for  the  college  must  always  come 
to  mind  when  the  great  hindrances  encountered  in  its  early 
history  are  recalled  ; and  his  name  will  be  reverenced  by  the 
friends  of  the  institution,  as  one  of  those  who  Governor 
Robinson  said  ‘ were  the  heroes  of  many  fights.’ 

“ Resolutions  commemorating  his  valuable  services  were 
adopted  by  the  trustees  at  their  next  meeting  following  his 
death.” 

ALTERATIONS  AND  IMPROVEMENTS. 

The  expenditure  of  the  appropriations  passed  by  the  last 
Legislature  for  the  improvement  of  the  farm  and  the  repair 
and  alteration  of  college  buildings,  has  been  carefully  looked 
after  by  the  farm  committee  of  the  trustees.  Drop  scaffolds 
have  been  erected  in  the  barn,  largely  increasing  its  storage 
capacity ; the  whole  roof  has  been  resliingled,  and  the  cellar 
floor,  after  underdraining,  has  been  concreted  over  with 
Portland  cement.  The  drill  hall  has  been  sheathed  up  to 
the  peak,  furnished  with  a hot- water  system  of  heating,  and 
repainted.  The  laboratory,  the  boarding-house,  and  the 
two  cottages  occupied  by  members  of  the  faculty,  have  in 
like  manner  been  thoroughly  renovated  and  repaired.  Fire 
escapes  have  been  placed  in  the  six  halls  of  the  dormitories. 
A new  furnace  has  been  placed  in  the  smaller  of  the  two 
greenhouses,  and  both  the  latter  have  been  painted  and  put 
in  a serviceable  condition.  On  the  farm  proper,  the  .work 
of  reclaiming  the  swamp  and  wood  land  on  the  western 
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slope  has  been  steadily  carried  forward.  The  stumps  have 
been  dragged  out  by  their  roots,  piled  up  and  burned ; the 
land  cleared  and  ploughed,  and  about  eighty  acres  of  what 
we  are  persuaded  will  eventually  prove  the  best  land  on  the 
farm,  added  to  our  mowing.  The  old  irregular  line  of 
worm-eaten  fence,  running  its  zigzag  course  around  the  col- 
lege grounds,  has  been  torn  down,  the  balk  ploughed  up  and 
seeded,  and  a neat  wire  fence  strung  entirely  round  the 
south,  west  and  north,  to  the  county  road.  For  the  pas- 
turage of  the  mares  and  their  foals  a field  has  been  set 
apart,  securely  fenced  in  with  rails.  The  increase  to  our 
grass  lands  by  the  reclaiming  of  what  had  been  before 
swamp,  covered  over  with  alder,  makes  practicable  the 
keeping  of  a larger  amount  of  stock,  and  the  increasing  of 
our  dairy  products. 

The  operations  of  the  farm  have  been  carried  on  this  year 
under  peculiar  difficulties,  and  no  crops  have  proved  a suc- 
cess except  hay  and  potatoes.  What  the  wet  weather  has 
spared,  the  early  frosts  have  harvested.  The  meteorological 
records  show  that  out  of  the  one  hundred  and  twenty-two 
days  making  up  the  months  of  June,  July,  August  and  Sep- 
tember, sixty-four  days,  or  a little  over  one-half,  were  rainy 
or  cloudy.  The  mean  temperature  of  July  was  lower  than 
it  had  been  for  the  same  month  for  fourteen  years.  The 
rainfall  in  September  was  10.70  inches,  being  only  sur- 
passed in  recent  times  in  September,  1882.  The  first  kill- 
ing frost,  occurring  September  6,  two  weeks  earlier  than 
the  average,  did  immense  damage  throughout  the  State. 
The  crop  of  corn  was 'poor  and  below  the  average,  yielding 
not  much  over  one  thousand  baskets.  The  squashes  were 
destroyed  by  the  frost,  and  the  grapes  failed  to  ripen  from 
lack  of  sunshine,  four  or  five  thousand  pounds  being  aban- 
doned as  unfit  for  marketing.  Only  two  acres  were  planted 
to  potatoes,  but  five  hundred  bushels  were  harvested.  The 
grass  crop  was  enormous,  two  hundred  and  twelve  tons 
being  cut  from  a little  over  eighty  acres,  and  about  fifty 
tons  of  rowen,  — an  average  of  three  tons  and  a fraction  to 
the  acre ; and  that,  from  fields  which  in  1868  produced 
barely  one  hundred  tons  of  hay. 
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THE  COLLEGE  HERD. 

In  pursuance  of  the  policy  of  keeping  only  pure-bred  stock 
on  the  college  farm,  the  herd  has  been  considerably  dimin- 
ished by  sale  of  the  grades  and  such  young  animals  as  could 
be  spared.  It  now  numbers  forty-six  head,  distributed  as 
follows : — 

Jerseys, 6 and  1 grade. 

Guernseys, 7 and  1 grade. 

Shorthorns, 8 and  2 grades. 

Holstein-Friesians,  ....  9. 

Ayrshires, 12. 

Three  animals  are  especially  worthy  of  mention  : — 

Fh'st.  The  Jersey  bull  Edithson,  whose  record  on  both 
sides  is  the  very  best.  Sired  by  Ramapo,  who  won  the 
double  gold  medal  in  the  New  York  fair  of  1885,  and  him- 
self the  son  of  Eurotas,  whose  record  of  seven  hundred  and 
seventy-eight  pounds  of  butter  in  eleven  months  surprised 
the  farming  world.  The  dam  of  Edithson  — Lass  Edith,  of 
half  Althea  blood — was  from  a no  less  distinguished  milk- 
ing strain,  her  dam  having  a record  of  seventeen  pounds 
and  eight  ounces  of  butter  in  seven  days  after  her  second 
calf. 

Second . The  Holstein  bull,  Pledge’s  Empire,  whose  dam 
— Pledge,  1506  — has,  during  the  months  of  July  and 
August  last,  given  the  largest  milk  record  in  the  world,  of 
3,601J  pounds  of  milk  in  thirty-six  consecutive  days,  or  an 
average  of  one  hundred  pounds  daily.  The  largest  yield  in 
a single  day  was  on  the  31st  of  Juty,  when  she  gave  one 
hundred  and  ten  and  one-half  pounds.  And  this  was  on 
ordinary  feed,  running  in  a pasture  day  and  night,  with  a 
daily  ration  of  grain. 

Third.  The  Guernsey  cow  Fanny,  who  has  a record  of 
sixteen  and  one-fourth  pounds  of  butter  in  seven  days,  on 
ordinary  pasture  feed  with  two  quarts  of  corn  meal  per  day. 

The  swine  are  of  the  small  Yorkshire  breed,  and  number 
thirty-one  ; six  boars  and  twenty-five  sows. 

The  sheep  are  Southdowns,  and  number  twenty-three ; 
three  rams  and  twenty  ewes. 
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TTIE  COLLEGE. 

The  college  has  prospered  during  the  year.  At  no  time 
has  there  been  a larger  attendance  of  students  since  it  reached 
its  high-water  mark  in  1873,  with  the  single  exception  of  the 
year  1879,  when  a class  of  eighty-eight  entered.  The  chair 
of  agriculture,  made  vacant  by  the  resignation  of  Henry  E. 
Alvord,  April  1,  1888,  was  temporarily  filled,  to  the  great 
acceptance  of  his  classes,  by  Levi  Stockbridge.  The  college 
was  indeed  fortunate  in  again  listening  to  the  teachings  of 
one  whose  best  years  had  been  spent  in  its  service.  In 
June,  William  P.  Brooks,  a graduate  of  the  college,  and 
holding  a similar  position  under  the  Japanese  government, 
was  elected  to  fill  the  vacancy,  and  entered  upon  his  duties 
in  January,  1889.  Mr.  Brooks  was  graduated  in  1875,  and, 
after  a post-graduate  course  in  chemistry  and  botany,  was 
called  to  Japan  to  share  in  the  organization  of  the  new  Im- 
perial College  of  Agriculture  about  to  be  established  by 
President  Clark.  Professor  of  agriculture,  then  professor  of 
agriculture  and  botany,  and  acting  president  for  three  years, 
he  filled  every  position  with  distinction  and  success.  It  is 
surely  fitting  that  our  first  graduate  to  fill  the  agricultural 
chair  in  any  college,  should  return  in  his  riper  years  to  give 
the  benefits  of  his  experience  to  his  Alma  Mater. 

Since  our  last  report,  the  library  has  increased  by  gift  and 
purchase  over  eighteen  hundred  volumes,  numbering  at  the 
present  time  8,285  volumes.  The  growing  interest,* mani- 
fested by  the  students  in  the  use  of  its  books,  is  very  grati- 
fying, the  number  taken  out  during  the  past  year  being 
2,099,  or  an  average  of  fourteen  to  each  man  in  college  A 
subject  catalogue  of  the  mass  of  essays  now  buried  in  the 
various  State  reports  has  been  carefully  prepared,  and  placed 
at  the  librarian’s  desk  for  use.  The  library  still  requires  large 
additions  to  make  it  what  it  should  be,  — the  agricultural 
library  of  the  State ; a library  of  information  for  the 
student ; a library  of  material  for  the  teacher ; a library  of 
reference  for  the  investigator.  The  enlightened  Egyptian 
understood  its  true  import,  when,  thirty-two  hundred  years 
ago,  he  carved  over  the  entrance  to  his  great  collection  of 
books  this  inscription,  — “ The  healing  of  the  Soul.” 
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THE  EXPERIMENT  DEPARTMENT. 

It  is  proper  that,  in  making  this  first  report  of  a new  de- 
partment of  the  college,  its  organization  and  history  should 
be  outlined  and  made  a matter  of  permanent  record.  The 
full  text  of  the  Act  passed  by  Congress,  Feb.  25,  1887, 
under  which  the  Hatch  Experiment  Station  of  the  Massa- 
chusetts Agricultural  College  was  established,  is  as  fol- 
lows : — 


[Public  No.  112.] 

An  Act  to  establish  agricultural  experiment  stations  in  connection  with  the  colleges 

established  in  the  several  States  under  the  provisions  of  an  act  approved  July  2, 

1862,  and  of  the  acts  supplementary  thereto. 

Section  1.  Be  it  enacted  by  the  Senate  and  House  of  Representatives 
of  the  United  States  of  America  in  Congress  assembled,  That,  in  order 
to  aid  in  acquiring  and  diffusing  among  the  people  of  the  United  States 
useful  and  practical  information  on  subjects  connected  with  agriculture, 
and  to  promote  scientific  investigation  and  experiment  respecting  the 
principles  and  applications  of  agricultural  science,  there  shall  be  estab- 
lished, under  direction  of  the  college  or  colleges,  or  agricultural  depart- 
ments of  colleges,  in  each  state  or  territory  established,  or  which  may 
hereafter  be  established,  in  accordance  with  the  provisions  of  an  act 
approved  July  2,  1862,  entitled,  “ An  Act  donating  public  lands  to  the 
several  states  and  territories  w hich  may  provide  colleges  for  the  benefit 
of  agriculture  and  the  mechanic  arts,”  or  any  of  the  supplements  to  said 
act,  a department  to  be  known  and  designated  as  an  “ agricultural 
experiment  station : ” provided , that  in  any  state  or  territory  in  which 
two  such  colleges  have  been  or  may  be  so  established,  the  appropriation 
hereinafter  made  to  such  state  or  territory  shall  be  equally  divided 
between  such  colleges,  unless  the  legislature  of  such  state  or  territory 
shall  otherwise  direct. 

Sect.  2.  That  it  shall  be  the  object  and  duty  of  said  experiment  sta- 
tions to  conduct  original  researches  or  verify  experiments  on  the  physi- 
ology of  plants  and  animals ; the  diseases  to  which  they  are  severally 
subject,  with  the  remedies  for  the  same ; the  chemical  composition  of 
useful  plants  at  their  different  stages  of  growth ; the  comparative  ad- 
vantages of  rotative  cropping,  as  pursued  under  a varying  series  of 
crops  ; the  capacity  of  new  plants  or  trees  for  acclimation  ; the  analysis 
of  soils  and  wTater;  the  chemical  composition  of  manures,  natural  or 
artificial,  with  experiments  designed  to  test  their  comparative  effects  on 
crops  of  different  kinds  ; the  adaptation  and  value  of  grasses  and  forage 
plants ; the  composition  and  digestibility  of  the  different  kinds  of  food 
for  domestic  animals ; the  scientific  and  economic  questions  involved  in 
the  production  of  butter  and  cheese ; and  such  other  researches  or 
experiments  bearing  directly  on  the  agricultural  industry  of  the  United 
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States  as  may  in  each  case  be  deemed  advisable,  having  due  regard  to 
the  varying  conditions  and  needs  of  the  respective  states  or  territories. 

Sect.  3.  That,  in  order  to  secure,  as  far  as  practicable,  uniformity  of 
methods  and  results  in  the  work  of  said  stations,  it  shall  be  the  duty  of 
the  United  States  commissioner  of  agriculture  to  furnish  forms,  as  far 
as  practicable,  for  the  tabulation  of  the  results  of  investigation  or 
experiments  ; to  indicate,  from  time  to  time,  such  lines  of  inquiry  as  to 
him  shall  seem  most  important ; and,  in  general,  to  furnish  such  advice 
and  assistance  as  will  best  promote  the  purposes  of  this  act.  It  shall  be 
the  duty  of  each  of  said  stations,  annually,  on  or  before  the  first  day  of 
February,  to  make  to  the  governor  of  the  state  or  territory  in  which  it  is 
located,  a full  and  detailed  report  of  its  operations,  including  a state- 
ment of  receipts  and  expenditures,  a copy  of  which  report  shall  be  sent 
to  each  of  said  stations,  to  the  said  commissioner  of  agriculture,  and  to 
the  secretary  of  the  treasury  of  the  United  States. 

Sect.  4.  That  bulletins  or  reports  of  progress  shall  be  published  at 
said  stations  at  least  once  in  three  months,  one  copy  of  which  shall  be 
sent  to  each  newspaper  in  the  states  or  territories  in  which  they  are 
respectively  located,  and  to  such  individuals  actually  engaged  in  farm- 
ing as  may  request  the  same,  and  as  far  as  the  means  of  the  station  will 
permit.  Such  bulletins  or  reports,  and  the  annual  reports  of  said  sta- 
tions, shall  be  transmitted  in  the  mails  of  the  United  States  free  of 
charge  for  postage,  under  such  regulations  as  the  postmaster-general 
may  from  time  to  time  prescribe. 

Sect.  5.  That,  for  the  purpose  of  paying  the  necessary  expenses  of 
conducting  investigations  and  experiments,  and  printing  and  distributing 
the  results  as  hereinbefore  prescribed,  the  sum  of  $15,000  per  annum  is 
hereby  appropriated  to  each  state,  to  be  specially  provided  for  by  Con- 
gress in  the  appropriations  from  year  to  year,  and  to  each  territory 
entitled  under  the  provisions  of  section  eight  of  this  act,  out  of  any 
money  in  the  treasury  proceeding  from  the  sales  of  public  lands,  to  be 
paid  in  equal  quarterly  payments  on  the  first  day  of  January,  April, 
July  and  October  in  each  year,  to  the  treasurer  or  other  officer  duly  ap- 
pointed by  the  governing  boards  of  said  colleges  to  receive  the  same, 
the  first  payment  to  be  made  on  the  first  day  of  October,  1887  : pro- 
vided,, however , that  out  of  the  first  annual  appropriation  so  received 
by  any  station  an  amount  not  exceeding  one-fifth  may  be  expended  in 
the  erection,  enlargement,  or  repair  of  a building  or  buildings  necessary 
for  carrying  on  the  work  of  such  station ; and  thereafter  an  amount  not 
exceeding  five  per  centum  of  such  annual  appropriation  may  be  so 
expended. 

Sect.  6.  That,  whenever  it  shall  appear  to  the  secretary  of  the 
treasury,  from  the  annual  statement  of  receipts  and  expenditures  of 
any  of  said  stations,  that  a portion  of  the  preceding  annual  appropria- 
tion remains  unexpended,  such  amount  shall  be  deducted  from  the  next 
succeeding  annual  appropriation  to  such  station,  in  order  that  the 
amount  of  money  appropriated  to  any  station  shall  not  exceed  the 
amount  actually  and  necessarily  required  for  its  maintenance  and  sup- 
port. 
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Sect.  7.  That  nothing  in  this  act  shall  be  construed  to  impair  or 
modify  the  legal  relation  existing  between  any  of  the  said  colleges  and 
the  government  of  the  states  or  territories  in  which  they  are  respectively 
located. 

Sect.  8.  That,  in  states  having  colleges  entitled  under  this  section  to 
the  benefits  of  this  act,  and  having  also  agricultural  experiment  stations 
established  by  law  separate  from  said  colleges,  such  states  shall  be 
authorized  to  apply  such  benefits  to  experiments  at  stations  so  estab- 
lished by  such  states ; and  in  case  any  state  shall  have  established, 
under  the  provisions  of  said  act  of  July  2 aforesaid,  an  agricultural 
department  or  experimental  station  in  connection  with  any  university, 
college,  or  institution  not  distinctively  an  agricultural  college  or  school, 
and  such  state  shall  have  established  or  shall  hereafter  establish  a sepa- 
rate agricultural  college  or  school,  which  shall  have  connected  there- 
with an  experimental  farm  or  station,  the  legislature  of  such  state  may 
apply  in  whole  or  in  part  the  appropriation  by  this  act  made,  to  such 
separate  agricultural  college  or  school ; and  no  legislature  shall,  by  con- 
tract, express  or  implied,  disable  itself  from  so  doing. 

Sect.  9.  That  the  grants  of  moneys  authorized  by  this  act  are  made 
subject  to  the  legislative  assent  of  the  several  states  and  territories  to 
the  purposes  of  said  grants : provided,  that  payments  of  such  install- 
ments of  the  appropriation  herein  made  as  shall  become  due  to  any 
state  before  the  adjournment  of  the  regular  session  of  its  legislature 
meeting  next  after  the  passage  of  this  act  shall  be  made  upon  the  assent 
of  the  governor  thereof  duly  certified  to  the  secretary  of  the  treasury. 

Sect.  10.  Nothing  in  this  act  shall  be  held  or  construed  as  binding 
the  United  States  to  continue  any  payments  from  the  treasury  to  any  or 
all  the  states  or  institutions  mentioned  in  this  act ; but  Congress  may  at 
any  time  amend,  suspend  or  repeal  any  or  all  of  the  provisions  of  this 
act. 

The  General  Court,  chapter  212  of  the  Acts  and  Resolves 
of  1887,  accepted  this  grant  for  the  State  of  Massachusetts 
in  the  following  terms  : — 

An  Act  to  accept  an  annual  appropriation  of  money  by  the  Congress  of  the  United 

States  for  the  support  of  Agricultural  Experiments  within  the  Commonwealth. 

Be  it  enacted,  etc.,  as  follows : — 

Section  1.  The  Commonwealth  of  Massachusetts  hereby  assents  to 
and  accepts  a grant  of  moneys  to  be  annually  made  by  the  United  States, 
as  set  forth  and  defined  in  an  act  of  congress,  entitled  an  “Act  to  estab- 
lish agricultural  experiment  stations  in  connection  with  the  colleges 
established  in  the  several  states,  under  the  provisions  of  an  act  approved 
July  second,  eighteen  hundred  and  sixty-two,  and  of  the  acts  supple- 
mentary thereto,”  — said  act,  designated  Public  No.  112,  being  passed  at 
the  second  session  of  the  forty-ninth  congress,  and  approved  March 
second,  eighteen  hundred  and  eighty-seven,  — and  upon  the  terms  and 
conditions  contained  and  set  forth  in  said  act  of  congress. 
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Sect.  2.  The  governor  of  the  Commonwealth  is  hereby  authorized 
and  instructed  to  give  due  notice  thereof  to  the  government  of  the 
United  States.  {Approved  April  20, 1887. 


At  a regularly  called  meeting  of  the  trustees  of  the  Massa- 
chusetts Agricultural  College,  held  at  the  office  of  the  Secre- 
tary of  the  Board  of  Agriculture,  Boston,  March  2,  1888, 
it  was  voted  to  establish  another  department,  to  be  styled 
“ The  Experiment  Department  of  the  Massachusetts  Agri- 
cultural College,”  * and  a committee  consisting  of  the  com- 
mittee on  farm  and  horticultural  departments,  together  with 
such  other  trustees  as  were  members  of  the  Board  of  Control 
of  the  State  Experiment  Station,  was  appointed,  with  full 
executive  powers. 

At  a meeting  of  this  committee,  held  in  Amherst,  March 
10,  1888,  the  organization  of  the  station  was  completed, 
and  the  following  officers  appointed  : — 


HENRY  H.  GOODELL, 
WILLIAM  P.  BROOKS,  . 
SAMUEL  T.  MAYNARD,  . 
CHARLES  H.  FERNALD,  . 
CLARENCE  D.  WARNER, 
FRANK  E.  PAIGE,  . 

J.  HOWE  DEMOND,  . 


. Director. 
Agriculturist. 
Horticulturist. 
Entomologist. 

. Meteorologist. 

. Treasurer. 

. Auditor. 


Recognizing  the  fact  that  the  equipment  and  facilities  of 
the  State  Agricultural  Experiment  Station  enabled  it  to 
make,  more  economically  and  effectively,  such  chemical  in- 
vestigations as  might  from  time  to  time  arise,  than  could  be 
done  at  the  college,  without  a large  outlay  for  apparatus  and 
other  necessary  appliances,  the  committee  entered  into  an 
agreement  with  the  Board  of  Control  of  the  State  Experi- 
ment Station,  in  consideration  of  the  payment  of  $5,000 
annually,  to  perform  the  chemical  work  demanded ; the  re- 
sults of  all  investigations,  paid  for  by  any  surplus  of  money 
not  required  for  chemical  purposes,  to  be  published  in  the 
bulletins  of  the  Hatch  Experiment  Station,  as  also  in  those 
of  the  State,  if  desired. 

* This  name  was  subsequently  changed  to  the  “ Hatch  Experiment  Station  of  the 
Massachusetts  Agricultural  College,”  to  prevent  confusion  with  the  State  Agricultural 
Experiment  Station  already  lccated  on  the  college  grounds. 
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Owing  to  the  failure  of  Congress  to  appropriate  the  sums 
of  money  called  for  in  the  Act  approved  March  2,  1887,  it 
was  April  of  the  following  year  before  the  station  could 
engage  in  any  original  work,  and  but  three  months  then  re- 
mained before  the  close  of  the  fiscal  year.  The  work,  there- 
fore, has  been  largely  that  of  preparation  and  equipment. 
In  the  horticultural  department  a new  greenhouse  has  been 
erected,  in  which,  side  by  side,  the  comparative  merits  of 
hot  water  and  steam  for  heating  purposes  are  to  be  tested. 
The  walls  have  been  built  in  sections,  to  test  the  value  of 
different  materials  and  different  methods  of  construction. 
Investigations  of  the  adaptability  of  new  varieties  of  fruit  to 
this  latitude  continue  to  be  carried  on,  as  also  the  effects  of 
different  kinds  of  fertilizers.  In  the  entomological  depart- 
ment breeding-cages  have  been  constructed,  and  the  life  his- 
tories of  noxious  and  beneficial  insects  carefully  studied. 
The  economic  value  of  these  investigations  cannot  be  too 
highly  appreciated.  Damage  to  the  amount  of  sixty  millions 
of  dollars,  it  is  estimated,  is  annually  done  to  our  crops  by 
insects ; and  the  only  effectual  way  in  which  sure  results  can 
be  reached  for  combating  their  inroads,  is  by  studying  them 
through  all  their  transformations  up  to  the  perfect  insect. 
For  this  purpose  a small  greenhouse  is  imperatively  de- 
manded, at  an  outlay  of  say  fifteen  hundred  dollars,  in  which 
the  plants  can  be  grown  on  which  their  enemies  feed,  and 
the  life  history  of  the  insect  studied,  at  the  same  time  that 
trial  is  made  of  different  remedies  for  destroying  it.  The 
funds  of  the  station  will  not  admit  of  the  erection  of  such 
building,  and  the  field  of  work  must  be  in  consequence 
greatly  restricted.  Experiment  has  been  made  of  different 
insecticides,  and  the  most  economical  and  best  methods  of 
application.  In  the  meteorological  department  a full  set  of 
self-recording  instruments  has  been  purchased  and  placed  in 
position,  and  an  accurate  record  of  all  meteorological  phe- 
nomena will  be  kept.  The  amount  of  rainfall  and  snow, 
the  pressure  and  temperature  of  the  atmosphere,  the 
quantity  and  intensity  of  sunlight,  and  the  direction,  force 
and  velocity  of  the  wind,  will  be  carefully  observed.  Dur- 
ing the  year  three  bulletins  have  been  issued,  and  sent  free 
to  any  person  interested  or  engaged  in  farming  pursuits, 
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desiring  to  receive  them.  The  subjects  especially  reported 
upon  have  been  the  best  methods  of  protecting  fruit  buds 
from  the  extreme  cold  of  our  New  England  climate ; the 
different  kinds  of  fruit  best  adapted  to  our  State ; the  effect 
of  different  fertilizing  elements  upon  the  time  of  maturing  of 
crops ; the  results  obtained  from  the  use  of  various  insecti- 
cides ; illustrated  descriptions  of  the  beetle  attacking  corn, 
the  jumping  sumach  beetle,  the  bud  moth,  the  grape-vine 
leaf-hopper ; and  a discussion  of  bovine  tuberculosis  in  its 
relations  to  public  health. 

I transmit  herewith  the  financial  statement  of  the  Station 
for  the  year  ending  June  30,  1888. 

TREASURER’S  REPORT. 


Frank  E.  Paige,  Treasurer  Hatch  Experiment  Station  of  Massachu- 
setts Agricultural  College , for  the  fiscal  year  ending  June  30 , 1888. 

Cash  received  of  United  States  Treasurer,  ....  $15,000  00 


Cash  paid,  salaries,  .... 

. $1,454  59 

“ 

labor, 

. 1,143  67 

44  41 

freight  and  expressage, 

74  35 

44  44 

postage  and  stationery, 

. 133  85 

44  44 

printing,  .... 

51  78 

44  44 

library,  .... 

. 2,881  66 

44  44 

scientific  instruments,  . 

. 1,867  11 

44  44 

chemical  apparatus, 

. 1,040  18 

“ « 

furniture,  .... 

. 1,268  52 

44  44 

general  fittings,  . 

. 221  24 

*4  44 

buildings,  .... 

. 3,000  00 

44  44 

travelling,  .... 

. 164  79 

44  44 

incidental  expenses, 

. 1,032  74 

44  44 

supplies,  .... 

. 665  52 

$15,000  00 

I,  the  undersigned,  duly  appointed  auditor  for  the  corporation,  do 
hereby  certify  that  I have  examined  the  books  and  accounts  of  the  Hatch 
Experiment  Station  of  the  Massachusetts  Agricultural  College  for  the 
fiscal  year  ending  June  30,  1888  ; that  I have  found  the  same  well  kept 
and  correctly  classified  as  above,  and  that  the  receipts  for  the  time 
named  are  shown  to  be  $15,000.00,  and  the  corresponding  disbursements 
$15,000.00 ; all  of  the  proper  vouchers  are  on  file  and  have  been  by  me 
examined  and  found  correct,  there  being  no  balance  to  be  accounted  for 
in  the  fiscal  year  ending  June  30,  1888. 

[Signed] 


J.  Howe  Demond,  Auditor. 
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INCREASE  OF  THE  MAINTENANCE  FUND  OF  THE  COLLEGE. 

The  question  of  the  future  support  of  the  college  is  one 
that  has  caused  its  friends  anxious  consideration.  The  time 
has  come  when  the  State  must  say  what  its  policy  will  be, — 
whether  the  college  shall  advance  and  accomplish  the  work 
for  which  it  was  designed,  or  whether  it  shall  retrograde. 
There  can  be  no  halting  place  in  the  life  of  an  educational 
institution.  It  must  either  go  forward,  keeping  abreast  of 
the  increasing  requirements  of  the  age,  leading  the  way  and 
stimulating  the  life  and  thought  of  the  whole  State,  or  just 
as  surely  it  must  go  backwards  and  sink  into  insignificance. 
A larger  endowment  fund  is  an  absolute  necessity  to  support 
the  fresh  and  multiplied  requirements  in  all  departments. 
The  late  census  shows  that  agriculture  as  an  industry 
exhibits  growth  and  is  not  declining  in  this  State.  But  the 
conditions  have  changed,  and  it  must  adapt  itself  to  them. 
The  Commissioner  of  the  Bureau  of  Statistics  of  Labor, 
in  a recent  article,  says  : “ Massachusetts  cannot  and  ought 

not  to  attempt  to  compete  with  the  West  in  the  great 
staples ; but  she  is  developing  her  agriculture  along  lines 
most  appropriate  to  her  condition.  The  tendency  is  toward 
those  crops  that  will  bring  the  quickest  substantial  returns, 
such  as  dairy  products,  small  fruits  and  market-garden 
products.”  To  show  how  to  develop  along  these  lines  is  the 
mission  of  the  college.  But  changed  conditions  involve 
fresh  outlay  and  increasing  expense  to  meet  the  fresh  de- 
mands for  instruction,  and  for  this  the  funds  of  the  college 
are  totally  inadequate.  What  might  have  been  sufficient 
twenty  years  ago  is  so  no  longer. 

The  original  endowment  of  the  agricultural  colleges  was 
very  unequal.  While  Michigan,  for  example,  received  two 
hundred  and  forty  thousand  acres  of  the  public  lands,  Mis- 
souri received  three  hundred  and  thirty  thousand  ; Massachu- 
setts, three  hundred  and  sixty  thousand ; Ohio,  six  hundred 
and  thirty  thousand  ; Pennsylvania,  seven  hundred  and  eighty 
thousand ; New  York,  nine  hundred  and  ninety  thousand. 
So  many  millions  of  land  scrip  being  thrown  suddenly  on 
the  market  overstocked  it,  and  but  few  of  the  colleges 
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realized  anything  like  what  they  should  have  done.  Harpies 
and  land  sharks  bought  it  up  at  a merely  nominal  figure,  and 
reaped  enormous  profits  from  its  subsequent  sale.  So  dis- 
tinctly has  the  inadequateness  of  the  original  endowment 
been  recognized,  that  almost  every  State  has  supplemented 
it  by  appropriations.  The  University  of  Illinois  has  re- 
ceived $250,000  from  the  State,  and  $499,550  in  benefac- 
tions ; the  Ohio  State  University,  $205,593  from  the  State, 
and  $323,000  in  benefactions;  Pennsylvania  State  College 
has  received  from  the  State  $305,000;  Cornell  University, 
which  realized  $6,000,000  from  the  sale  of  its  land  scrip, 
has  received  nothing  from  the  State,  but  her  benefactions 
run  up  into  the  millions.  Most  of  these  State  appropriations 
have  been  for  buildings  and  improvements,  but,  in  addition  to 
that,  many  have  met  the  deficiencies  in  current  expenses  by 
yearly  concessions.  Missouri,  for  example,  appropriates 
$60,000  biennially  for  the  current  expenses  of  her  State 
University.  Michigan  has  given  her  college,  since  its  foun- 
dation, for  current  expenses,  over  $362,000,  and  that  in 
addition  to  $337,000  for  special  purposes.  The  University 
of  Illinois  annually  exceeds  its  income  by  about  $25,000, 
which  is  made  up  by  the  State.  Other  examples  might  be 
brought  forward,  but  these  are  sufficient  to  show  how  uni- 
versal is  the  recognition  of  the  inadequacy  of  the  endowment. 
Again,  it  will  be  noticed  that,  while  other  colleges  have  re- 
ceived benefactions  in  a number  of  instances  amounting  to 
more  than  the  State  has  appropriated,  this  college  has 
received  almost  none.  The  State  of  Massachusetts  has  been 
generous  in  its  treatment  of  the  college,  appropriating  more 
than  four  hundred  thousand  dollars  for  the  erection  of  build- 
ings and  the  supply  of  educational  facilities  ; but  the  perma- 
nent fund  from  which  its  income  is  derived  is  far  too  small 
for  the  demands  made  upon  it.  From  the  sale  of  the  land 
scrip  $219,000  was  realized,  and  this  sum,  in  1871,  the  State 
raised  to  $360,575.35.  Two-thirds  only  of  the  income  de- 
rived from  this  source  accrues  to  the  benefit  of  the  college, 
the  remaining  third,  by  law,  being  paid  to  the  Institute  of 
Technology.  This  fund  was  a year  ago  invested  in  the 
following  manner : — 
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TECHNICAL  EDUCATION COMMONWEALTH  GRANT. 


Name  of  Security. 

Due. 

Principal. 

Rate  per 
cent. 

Taunton  Coupon, 

July  1,  1896,  . 

$15,000  00 

4 

Concord  Note,  .... 

Nov.  22,  1888,  . 

5,0()0  00 

3f 

Concord  Note,  .... 

Nov.  22,  1889,  . 

5,000  00 

3f 

Concord  Note,  .... 

Oct  1,  1903,  . 

45,000  00 

4 

Holbrook  Note,  .... 

Jan.  1,  1891,  . 

2,000  00 

4 

Holbrook  Note,  .... 

Jan.  1,  1892,  . 

2,500  00 

4 

Holbrook  Note,  .... 

Jan.  1,  1893,  . 

2,500  00 

4 

Truro  Note, 

Dec.  9,  1890,  . 

1,000  00 

3f 

West  Newbuiy  Note,  . 

Nov.  14,  1888,  . 

600  00 

3f 

West  Newbury  Note,  . 

Nov.  14,  1889,  . 

600  00 

3f 

West  Newbury  Note,  . 

Nov.  14,  1890,  . 

600  00 

3f 

West  Newbury  Note,  . 

Nov.  14,  1891,  . 

600  00 

3f 

West  Newbury  Note,  . 

Nov.  14,  1892,  . 

600  00 

31 

West  Newbury  Note,  . 

Nov.  14,  1893,  . 

600  00 

31 

West  Newbury  Note,  . 

Nov.  14,  1894,  . 

600  00 

31 

Weymouth  Note, 

April  28,  1890, 

5,000  00 

4 

Total, 

Jan.  1,  1888,  . 

87,200  00 

Cash  uninvested, .... 

Monthly,  . . 

54,375  35 

3 

TECHNICAL  EDUCATION  FUND UNITED  STATES  GRANT. 


Name  of  Security. 

Due. 

Principal. 

Rate  per 
cent. 

Boston  & Albany  Railroad  Reg., 

April  1,  1902,  . 

$210,000  00 

5 

Boston  & Albany  Railroad  Coup., 

April  1,  1902,  . 

9,000  00 

5 

Total, 

Jan.  1,  1888,  . 

$219,000  00 

Of  the  above  sums,  the  United  States  endowment  nets  five 
per  cent.,  the  State  from  three  to  four.  After  deducting 
the  one-third  paid  to  the  Institute  of  Technology,  the  income 
from  this  source  amounts  to  a little  over  ten  thousand  dol- 
lars. Add  to  this,  ten  thousand  dollars  granted  by  the 
State  to  compensate  for  loss  of  tuition,  and  the  rental  of 
rooms,  and  you  have  the  income  of  the  college,  amounting  in 
all  to  between  twenty-one  and  twenty-two  thousand  dollars. 

What,  now,  are  the  expenses  ? After  deducting  the  amount 
paid  for  salaries,  including  those  of  the  janitor  and  foreman, 
there  is  a balance  of  between  six  and  seven  thousand  dollars 
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left  for  these  three  purposes  : First,  the  general  expense  ac- 
count of  the  college  (a  large  and  increasing  account)  ; second, 
for  the  carrying  on  of  a farm  of  three  hundred  and  eighty-six 
acres,  part  of  it  in  wood  land,  not  yet  cleared,  part  in 
swamp  land  in  process  of  reclamation  ; and  carrying  a herd 
of  five  breeds  of  cattle  for  illustration,  and  not  simply  one 
for  profit ; and,  third,  a horticultural  department,  with  two 
large  greenhouses  and  nurseries  containing  thousands  of 
young  fruit  trees, — -and  farm  and  nurseries  and  greenhouses, 
be  it  understood,  placed  here  by  the  State  as  appliances  for 
education  and  for  educational  purposes  alone,  and  no  more 
to  be  expected  to  pay  a cent  into  the  treasury  of  the  college 
than  an  Atwood  machine,  in  the  department  of  physics, 
illustrating  the  relations  of  time  and  space  in  falling  bodies. 
“ Education,”  said  the  lamented  Jackson,  “ is  costly,  but 
ignorance  is  certain  ruin  to  a State.” 

Having  thus  briefly  outlined  the  financial  condition  of  the 
college,  it  remains  now  to  speak  of  its  needs  and  how  they 
can  be  supplied.  We  ask  for  a yearly  addition  to  its  income 
of  ten  thousand  dollars  for  these  specific  purposes  : to  es- 
tablish a veterinary  chair,  and  to  provide  instruction  in  the 
English  branches ; to  increase  the  salary  account ; to  estab- 
lish a labor  fund  ; and  to  provide  for  the  increase  in  the  gen- 
eral expense  account.  Of  the  importance  of  a veterinary 
chair  no  one  can  for  a moment  doubt,  who  stops  to  consider 
the  number  of  domestic  animals  in  this  State,  their  money 
value  and  the  value  of  their  products.  From  the  last  census 
returns  we  find  that  the  horses,  sheep,  swine  and  cattle  num- 
ber 489,762,  at  a valuation  of  a little  over  $17,000,000,  and 
that  their  products  are  estimated  at  a little  over  $18,500,000, 
in  round  numbers,  the  whole  aggregating  $36,000,000.  If 
we  add  to  this  consideration  that  of  the  intimate  relations 
of  animal  disease  to  public  health,  the  subject  becomes  one 
of  paramount  importance,  and  comes  home  to  every  man, 
woman  and  child  in  the  Commonwealth. 

An  increase  of  salaries  has  been  in  previous  reports  fre- 
quently urged.  The  compensation  offered  to  your  teachers 
is  at  the  present  time  less  than  what  is  paid  to  the  principals 
of  many  of  your  high  schools.  It  is  from  a fifth  to  a third 
less  than  in  other  institutions  of  learning,  while  the  amount 
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of  instruction  demanded,  particularly  in  practical  science,  is 
greater  than  in  any  ordinary  classical  college.  The  Hon. 
Justin  S.  Morrill,  in  an  address  delivered  this  year  be- 
fore the  House  of  Representatives  in  Vermont,  speaking  on 
this  very  point,  says  : “ The  wide  demand  for  instructors  of 
marked  ability  is  now  so  great  that  much  higher  salaries 
must  be  paid  in  order  to  secure  and  retain  those  of  the 
highest  standing.” 

The  establishment  of  a labor  fund  has  been  for  years  the 
hope  of  the  college.  In  these  days,  when  there  is  so  great  a 
demand  on  the  part  of  the  public  for  manual  training  in  our 
schools,  what  better  place  for  the  illustration  of  its  value 
than  the  agricultural  college  ? The  plant  is  already  there  — 
the  land,  the  laboratories,  the  tools,  the  instructors,  the 
young  men.  All  that  is  needed  is  the  funds  for  carrying  it 
on.  Labor  performed  by  students  is  far  from  being  the 
cheapest ; for,  in  the  first  place,  they  lack  the  strength  and 
experience  of  older  men ; and,  in  the  second  place,  interfer- 
ence with  other  college  duties  prevents  that  employment  of 
consecutive  hours  of  labor  which  produces  the  best  results. 
In  this  connection,  it  may  be  worth  while  to  quote  the  re- 
marks of  a director  of  one  of  the  French  schools  of  agriculture. 

4 ‘ It  is  difficult,”  he  says,  “ for  the  director  to  obtain  any  profit 
from  the  farm  schools  as  such,  because  the  work  done  by  the 
apprentices  is  so  frequently  defective.  They  break  the  im- 
plements, they  lame  the  animals,  they  do  so  much  damage 
that  their  labor  costs  more  than  that  of  paid  workmen.  The 
State  ought,  therefore,  in  justice,  to  augment  its  subvention 
for  the  maintenance  of  its  apprentices.”  Other  States  have 
found  it  to  their  advantage  to  adopt  this  policy.  Michigan 
has  for  a number  of  years  granted  five  thousand  dollars 
annually  for  this  purpose  ; Arkansas,  four  thousand  dollars  ; 
and  Missouri,  in  the  last  session  of  its  legislature,  followed  in 
the  same  direction.  Massachusetts,  too,  made  trial  of  it  in 
the  year  1877,  and  with  the  result  of  the  largest  number  of 
students  in  attendance,  with  a single  exception,  that  there  has 
ever  been  in  the  history  of  the  college.  The  class  of  stu- 
dents desiring  to  avail  themselves  of  its  benefits  are  pre- 
cisely those  who  can  least  afford  to  pay  for  them,  and  yet 
they  form  the  very  best  material.  They  appreciate  the  ad- 
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vantages  offered  them,  and  are  eager  to  work  for  them. 
There  is  no  stronger  proof  of  the  need  of  such  help  than  the 
fact  that,  in  a single  year,  out  of  three  hundred  letters  of  in- 
quiry, ninety,  or  nearly  one-third,  were  from  those  whose 
first  question  was,  “ Can  I pay  my  way  by  work?  ” “ How 
much  of  my  expenses  can  I earn  ? ” 

Again,  this  money  expended  by  the  State  will  not  be  lost, 
but  will  return  fourfold,  in  the  permanent  improvement  of 
its  property,  in  the  results  of  experiments  undertaken  in  the 
interest  of  the  forty  thousand  farmers  of  the  Commonwealth, 
and  in  the  education  of  a class  of  citizens  who  can  acquire 
an  education  in  no  other  way.  Throw  wide  the  doors  of 
your  college  that  was  founded  by  the  people  and  for  the 
people  ! Give  to  their  sons  an  opportunity  to  earn  for  them- 
selves the  education  they  are  longing  for  ! Cultivate  that 
spirit  of  manly  independence  and  self-reliance  which  results 
from  an  education  won  by  honest  labor,  and  you  will  train 
up  a class  of  citizens  for  the  service  of  the  State  that  will  be 
its  strength  and  its  support. 

An  increase  to  the  credit  of  the  general  expense  account 
cannot  very  much  longer  be  delayed.  New  buildings  have 
from  time  to  time  been  erected,  with  new  appliances  for  in- 
struction, each  one  of  which  has  been  a source  of  increased 
expenditure,  while  there  has  been  no  corresponding  addition 
to  the  funds  for  their  support.  On  the  contrary,  the  same 
endowment  fund  which  in  1869  and  1870  was  invested  at  six 
per  cent.,  brings  to-day  but  three  or  four,  a shrinkage  of 
nearly  one-half.  In  other  words,  the  running  expenses  have 
increased  in  an  inverse  ratio  to  the  diminution  of  the  income. 
The  single  item  of  fuel  has  risen  nearly  sixfold  in  the  last 
dozen  years,  from  about  two  hundred  dollars  to  a round 
twelve  hundred  dollars  now.  Every  increase  in  the  number 
of  buildings  means  an  increase  in  janitor’s  work,  and  in  the 
thousand  and  one  little  items  of  expenditure  that  are  con- 
stantly required  in  their  care.  To  facilitate  the  use  of  the 
library  and  make  it  available  to  the  student,  it  is  necessary 
to  open  it  in  the  evening,  requiring  an  increased  expendi- 
ture for  lighting.  The  use  of  gas  in  the  laboratory  for 
chemical  work  has  in  like  manner  doubled.  In  short,  in 
whatever  department  you  look,  you  will  find  a healthy 
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growth,  accompanied  by  a healthy  increase  of  expenditure. 
A college  is  in  a truly  healthy  condition,  only  when  its 
wants  exceed  its  income.  No  institution  for  the  higher 
education  can  support  itself  from  its  fees  alone.  It  must 
depend  largely  on  aid  from  the  State  or  on  private  benefac- 
tions. The  trustees  of  the  college  have  for  many  years  paid 
their  own  expenses,  to  lighten  the  tax  on  the  college  treasury. 
Can  this  be  paralleled  in  any  other  State  institution,  and  is 
it  just  to  the  men  who  are  freely  giving  their  time  and 
strength  to  a consideration  of  the  needs  of  an  institution 
they  have  been  appointed  to  preside  over? 

The  questions  are  often  asked,  Is  the  college  fulfilling  its 
mission?  Is  it  accomplishing  the  work  for  which  it  was 
intended  ? Let  the  following  figures  speak  for  themselves  : 
Seven  hundred  and  forty-five  students,  exclusive  of  the  one 
hundred  and  forty-eight  reported  in  the  catalogue  this  year, 
have  received  their  collegiate  education  in  the  college.  Of 
these,  two  hundred  and  eighty-seven  are  graduates,  four 
hundred  and  fifty- eight  non-graduates.  Of  the  graduates, 
nine  have  died.  Of  the  remaining  two  hundred  and  seventy- 


eight, 


we 


find  one  hundred  and  twenty-three 


engaged 

C © 


in 


agriculture  or  allied  pursuits,  distributed  as  follows 


Farmers, 46 

Fruit  growers  and  market  gardeners, 6 

Florists  and  landscape  gardeners, 8 

Planters, 4 

Poultry  and  stock  raisers, 9 

Veterinary  doctors, 7 

Editors  of  agricultural  papers, 2 

Manufacturers  of  fertilizers, 4 

Chemists  to  fertilizer  companies, 9 

Holding  positions  in  agricultural  colleges  or  agricultural 
experiment  stations, 28 


The  remaining  one  hundred  and  fifty-five  are  distributed 
as  follows : — 


Civil  and  mechanical  engineers, 14 

Editors, 2 

Doctors, 15 

Clergymen, 4 

Students, 12 

Teachers, 13 
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Lawyers, 10 

Business, 66 

Druggists, 4 

Miscellaneous, 12 

Address  and  occupation  unknown, 3 


Of  the  28  connected  with  agricultural  colleges  and  experi- 
ment stations,  there  are  four  professors  of  agriculture,  two 
professors  of  horticulture,  one  director  of  experiment  station, 
three  acting  or  assistant  directors,  five  horticulturists,  one 
agriculturist,  two  chemists,  and  the  remainder  holding  posi- 
tions as  assistant  chemists,  agriculturists  and  horticulturists. 
Of  the  458  non-graduates,  a large  proportion  came  to  the 
college  for  the  specific  purpose  of  taking  a partial  course  in 
agriculture,  and  are  now  engaged  in  agricultural  pursuits. 

GIFTS. 

From  Trustees  and  John  C.  Hammond  of  Northampton, — Set  of  agri- 
cultural implements  of  Japan. 

Hiram  Kendall  (M.  A.  C.,  76),  Providence,  R.  I., — Rhetorical 
prizes  for  year  1889. 

Alumni,  — Portrait  of  President  Clark  for  reading-room. 

Rev.  E.  D.  G.  Prime,  New  York  City, — Notes  Genealogical  of 
Prime  Family. 

Estate  of  Marshall  P.  Wilder,  Jamaica  Plain,  — Country 
Gentleman,  6 volumes ; Proceedings  Boston  Society  Natural 
History,  6 volumes. 

Mr.  Joseph  E.  Root,  Medina,  O.,  — Gleanings  in  Bee  Culture, 
1888. 

Mrs.  Geo.  E.  Sage,  Amherst,  — 40  volumes  Littell’s  Living  Age. 

Samuel  B.  Green  (M.  A.  C.,  79),  Amherst, — 19  volumes 
Littell’s  Living  Age. 

President  Wm.  F.  Warren,  Boston, — Analytical  Concordance  to 
Bible. 

Prof.  Chas.  H.  Fernald,  Amherst,  — 4 volumes,  miscellaneous 
subjects. 

Joseph  E.  Pond,  Esq.,  Attleboro1, — 6 volumes  Bee  Journals,  1888. 

Dr.  Austin  Peters  (M.  A.  C.,  ’81),  Boston,  — Value  of  Veteri- 
nary Science. 

Dr.  Noah  Cressy,  Hartford,  Ct., — Natural  History  of  Tuber- 
culosis. 

Dr.  Daniel  Draper,  New  York  City,  — Report  of  New  York 
Meteorological  Observatory,  1888. 

Hon.  Chauncey  M.  Depew,  New  York  City,  — Oration  at  Re- 
union of  Army  of  Potomac. 

Prof.  E.  D.  Porter,  St.  Anthony  Park,  Minn., — Report  of  Minne- 
sota State  Agricultural  Society. 
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From  Hon.  Wm.  Whiting,  Holyoke, — 18  volumes  Government  Publica- 
tions. 

Smithsonian  Institution,  — 3 volumes. 

Dr.  Robert  Warrington,  London,  England, — Chemical  Actions 
of  Some  Micro-organisms. 

Royal  Society  of  Canada,  — Proceedings  for  year  1887. 

Hon.  J.  K.  Brown,  Albany,  N.  Y.,  — Report  of  State  Dairy  Com- 
missioner for  1887. 

Dr.  Frank  S.  Billings,  Lincoln,  Nebraska,  — Tuberculosis  in 
Cattle. 

Prof.  H.  E.  Stockbridge  (M.  A.  C.,  78),  Amherst,  — Rocks  and 
Soils,  etc. 

Prof.  David  P.  Penhallow  (M.  A.  C.,  73),  Montreal,  Canada, — 
Report  Montreal  Horticultural  Society,  and  Botany  of  Canada. 

Dr.  John  Macoun,  Montreal,  Canada,  — Catalogue  of  Canadian 
Plants,  Parts  3,  4. 

President  J.  II.  Seelye,  Amherst,  — Criticism  of  Development 
Hypothesis. 

Dr.  G.  Brown  Goode,  Washington,  D.  C.,  — Monographs  on 
Beginnings  of  Natural  History  of  America  and  of  American 
Science . 

Prof.  G.  W.  and  Elizabeth  T.  Peckham,  Milwaukee,  Wis., — 
Monographs  on  Spiders  of  North  America. 

Hon.  Joseph  B.  Walker,  Concord,  N.  H.,  — 3 essays:  Oats; 
Irrigation;  Forests  of  New  Hampshire. 

Robert  W.  Lyman,  Esq.  (M.  A.  C.,  71),  Belchertown,  — 6 vol- 
umes Standard  Natural  History. 

Wm.  H.  Barstow,  Crete,  Nebraska,  — 8 volumes  Agriculture  of 
Nebraska,  1 volume  Fish  Commissioner’s  Report. 


I have  the  honor,  in  addition  to  the  catalogue  and  cus- 
tomary reports,  to  append  papers,  by  Professors  Fernald 
and  Warner,  on  subjects  of  vital  importance  to  the  farmers 
of  the  Commonwealth,  — “ Bovine  Tuberculosis  ” and  “ The 
Construction  of  Roads.” 

Respectfully  submitted,  by  order  of  the  Trustees, 
HENRY  H.  GOODELL, 

President. 


Amherst,  January,  1889. 


1889.]  PUBLIC  DOCUMENT  — No.  31. 


27 


TREASURER’S  REPORT. 


Frank  E.  Paige,  Treasurer  Massachusetts  Agricultural  College,  for  the 
Year  ending  Dec.  31, 1888. 


Received. 

Paid. 

Cash  on  hand  Jan.  1,  1888,  .... 

$2,018  63 

Term  bill  account, 

5,538  92 

$2,774  14 

Botanical  account, 

4,048  80 

4,504  87 

Farm  account,  . . # . 

3,479  96 

6,140  26 

Expense  account, 

472  99 

5,112  31 

Laboratory  account, 

557  34 

343  55 

Salary  account, 

— 

12,762  46 

Library  Fund  account, 

346  87 

346  87 

Endowment  Fund  account,  .... 

11,442  00 

_ 

State  Scholarship  Fund  account,  . 

10,000  00 

- 

Hills  Fund  account, 

717  01 

580  62 

Grinnell  Prize  Fund  account. 

40  00 

40  00 

Whiting  Street  Fund  account, 

71  15 

- 

Mary  Robinson  Fund  account, 

60  44 

80  00 

Gassett  Scholarship  Fund  account, 

42  94 

- 

Insurance  account, 

- 

1,049  74 

Extra  instruction  account,  .... 

- 

273  25 

Advertising  account, 

— 

76  50 

Reading-room  account,  .... 

- 

86  95 

North  College  insurance  account, 

_ 

130  75 

Cash  on  hand  Dec.  31, 1888,  .... 

- 

4,534  78 

$38,837  05 

$38,837  05 

Cash  Balance,  as  shown  by  Treasurer’s  Statement,  belongs 


to  the  Following  Accounts. 

Insurance, $40  06 

Hills  Fund,  139  69 

Gassett  Scholarship  Fund, 62  94 

Whiting  Street  Fund, 119  31 

Mary  Robinson  Fund, 183  90 

General  fund  of  college, 3,988  88 


$4,534  78 
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Cash  and  Bills  Receivable  Dec.  31,  1888. 

Term  bills, 

Laboratory, 

Farm, 

Botanical, 

Cash  on  hand  belonging  to  general  funds, 


Bills  Payable  Dec.  31,  1888. 

General  expense  account, 

Insurance  account, 

Term  bill  account, 

Botanical  account, 


Value  of  Real  Estate. 


College  farm, 
Pelham  quarry, 


Land.  cost. 

$37,000  00 
500  00 


Buildings.  cost. 


Laboratory, 

Botanic  museum,  ...... 

Botanic  barn, 

Durfee  plant-house  and  fixtures,  . 

Small  plant-house  and  fixtures,  . 

North  College, 

Boarding-house, 

South  dormitory, 

Graves  house  and  barn,  .... 

Farm  house, 

Farm  barns  and  sheds, 

Stone  chapel, 

Drill  hall, 

President’s  house, 

Four  dwelling-houses  and  shed,  purchased 
with  farm, 


$10,360  00 
5,180  00 

1.500  00 

12,000  00 

800  00 

36.000  00 

8,000  00 

37.000  00 
8,000  00 
4,000  00 

14.500  00 

31.000  00 

6.500  00 

11.500  00 

10.000  00 


Inventory  of  Personal  Property. 

Farm, 

Laboratory, 

Boarding-house, 

Fire  apparatus, 

Library, 

Natural  history  collection, 

Botanical  department, 

Department  of  Physics, 


$1,013  19 
213  49 
165  38 
242  35 
3,988  88 


$5,623  29 

$116  72 
10  12 
106  23 
108  61 


$341  68 


$37,500  00 


196,340  00 


$233,840  00 

$11,000  00 
1,301  75 
400  00 
500  00 
7,000  00 
3,479  05 
9,805  45 
3,416  03 


$36,902  28 
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Summary  Statement. 

Assets. 

Total  value  real  estate,  per  inventory,  . $233,840  00 

Total  value  personal  property,  per  inven- 
tory, ........  36,902  28 

Total  cash  on  hand  and  bills  receivable,  per 
inventory, 5,623  29 


Liabilities. 

Bills  payable,  as  per  inventory,  . 


Funds  for  Maintenance  of  College. 

Technical  Educational  Fund,  United  States 

Grant,  amount  of, $219,000  00 

Technical  Educational  Fund,  State  Grant,  . 141,575  35 

These  funds  are  in  the  hands  of  the  State  Treasurer.  By 
law  two-thirds  of  the  income  is  paid  to  the  treasurer 
of  the  college,  one-third  to  Institute  of  Technology. 

Amount  received,  1888  

State  Scholarship  Fund,  $10,000.  This  sum  was  appro- 
priated by  the  Legislature,  1886,  and  is  paid  in  quarterly 

payments  to  the  college  treasurer, 

Ilills  Fund  of  $10,000,  in  hands  of  college  treasurer. 
This  was  given  by  L.  M.  and  H.  F.  Hills  of  Amherst. 
By  conditions  of  the  gift  the  income  is  to  be  used  for 
maintenance  of  a botanic  garden.  Income,  1888,  . 
Unexpended  balance,  Dec.  31,  1888,  $139.69. 

Grinnell  Prize  Fund  of  $1,000,  in  hands  of  college  treas- 
urer. Gift  of  Ex-Gov.  William  Claflin;  was  called 
Grinnell  Fund  in  honor  of  his  friend.  The  income  is 
appropriated  for  two  prizes,  to  be  given  for  the  best 
examination  in  agriculture  by  graduating  class.  In- 
come, 1888,  

Mary  Robinson  Fund  of  $1,000,  in  hands  of  college  treas- 
urer, given  without  conditions.  The  income  has  been 
appropriated  to  scholarships,  to  worthy  and  needy  stu- 
dents. Income,  1888, 

Unexpended  balance,  Dec.  31,  1888,  $183.90. 

Whiting  Street  Fund  of  $1,000.  A bequest  without  con- 
ditions. To  this  sum  is  added  $260  by  vote  of  the 
trustees  in  January,  1887,  it  being  the  interest  accrued 
on  the  bequest.  Amount  of  fund,  Dec.  31,  1888,  $1,260. 
Unexpended  balance  of  income,  $119.31.  Income,  1888, 

Amozmt  carried  forward 


$276,365  57 

341  68 
$276,023  89 

$11,442  00 
10,000  00 

717  01 

40  00 
60  44 

71  15 
$22,330  60 
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Amount  brought  forward , $22,330  60 

Library  Fund,  for  use  of  library,  $5,283.74.  Deposited  in 


Amherst  Savings  Bank. 

Gassett  Scholarship  Fund:  the  sum  of  $1,000  was  given 
by  the  Hon.  Henry  Gassett  as  a scholarship  fund.  Un- 
expended balance,  Dec.  31,  1888,  $62.94.  Income,  1888,  42  94 

Total  income, $22,373  54 


To  this  sum  should  be  added  amount  of  tuition,  room  rent,  receipts 
from  sales  of  farm  and  botanic  gardens;  amount  of  same  can  be 
learned  from  statement  of  treasurer.  Tuition  and  room  rent  under 
head  of  term  bill 

FRANK  E.  PAIGE,  Treasurer. 


This  is  to  certify  that  I have  this  day  examined  the  accounts  of  F.  E.  Paige, 
Treasurer,  as  displayed  from  Jan.  1,  1888,  to  Jan.  1,  1889,  and  find  the  same  correct  and 
properly  vouched  for.  The  balance  in  the  treasury,  $4,534.78,  is  shown  to  be  on  hand  in 
bank. 

HENRY  S.  HYDE,  Auditor. 

Jan.  5,  1889. 
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REPORT  OF  CHEMICAL  DEPARTMENT. 


President  H.  H.  Goodell. 

Sir  : — Changes  in  two  directions  have  been  inaugurated 
in  this  department  during  the  past  twelve  months.  The 
one  pertains  to  the  sequence  of  chemical  studies  with  ref- 
erence to  those  of  other  departments ; the  second  consists 
in  the  extensive  improvement  of  teaching  appliances. 

The  revised  course  of  study  adopted  by  the  Board  of 
Trustees,  last  year,  advances  the  commencement  of  the 
course  in  chemistry  from  the  beginning  of  the  sophomore  to 
the  beginning  of  the  freshman  year.  Thus  the  course  now  ex- 
tends over  the  freshman,  sophomore  and  senior  years,  instead 
of  the  sophomore,  junior  and  senior  years,  as  before.  This 
change  was  entered  upon  at  the  beginning  of  the  past  term, 
and  requires  that  the  present  freshmen  and  sophomores  pur- 
sue the  same  studies  during  four  consecutive  terms  ; that  is, 
to  the  end  of  the  fall  term  of  next  year. 

The  sum  of  fifteen  hundred  dollars,  appropriated  by  the 
State  Legislature  at  its  last  session  for  additions  to  the 
equipment  of  the  chemical  department,  has  been  nearly  all 
expended  in  the  purchase  of  apparatus,  chemicals,  collection 
specimens  and  appliances  of  various  kinds,  of  which  there 
has  long  been  urgent  need.  By  these  means  the  teaching 
capacity  has  been  greatly  ^augmented,  and  the  instruction 
rendered  more  valuable. 

Aside  from  these  changes,  instruction  has  been  given  to 
the  various  classes  as  heretofore.  In  recognition  of  the 
error  of  attempting  education  in  specialties  before  funda- 
mental training  in  general  principles,  two  terms  are  devoted 
to  general  chemistry,  and  of  this  time  a large  part  of  one 
term  is  occupied  with  chemical  physics  and  the  general  prop- 
erties of  matter.  It  is,  however,  the  constant  aim  to  mag- 
nify the  practical  side  of  the  different  studies,  and  to  lead 
the  student  directly  from  the  understanding  of  a theory  or 
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general  law  to  the  observation  of  every-day  practical 
phenomena  in  agricultural  or  other  industrial  life. 

After  the  discussion  of  the  nature  of  chemical  laws,  the 
classification  of  elements  and  compounds,  in  connection  with 
extended  observation  of  the  properties  of  the  most  com- 
monly occurring,  is  studied.  The  third  and  fourth  terms  are 
occupied  in  practical  study  of  the  natural  compounds  of  the 
earth’s  crust.  Attention  is  concentrated  upon  the  rock- 
forming minerals,  and  especially  those  containing  elements  of 
agricultural  value.  The  history  of  these  elements  is  traced 
from  the  original  crystallized  rocks  through  the  many 
chemical  and  physical  changes,  until  the  resultant  agricultural 
soils  are  reached.  Having  thus  gained  a knowledge  of  the 
origin  and  composition  of  the  primitive  soils,  the  after-study 

of  tillage  is  rendered  at  once  more  interesting  and  far  more 
© © 

valuable. 

Three  terms  are  now  spent  in  chemical  analysis ; and  in 
the  laboratory  the  powers  of  observation  are  sharpened,  care 
and  accuracy  in  manipulation  as  well  as  in  modes  of  study  are 
cultivated,  and  intimate  knowledge  of  the  more  prominent 
minerals  and  ores,  soils,  fertilizers  and  special  compounds  is 
gained.  Accompanying  this  practical  work  are  given 
lectures,  intended  to  direct  the  course  of  study  and  to  sup- 
plement the  work  of  the  laboratory.  During  the  last  of 
these  three  terms  the  chemistry  of  fertilizers  is  studied. 
The  subject  embraces  the  general  principles  of  supplying 
plant  food,  description  of  the  sources  of  the  same,  and  of 
crude  and  manufactured  fertilizers.  The  second  senior  term 
is  occupied  with  the  chemistry  of  carbon  compounds,  and 
particularly  of  those  of  industrial  importance  as  fuels,  foods, 
alcohols,  alcoholic  liquors,  starch,  sugars,  gums,  nitrogenous 
bodies,  etc.  The  chemistry  of  the  animal  body  is  then  pur- 
sued ; and  during  the  last  term,  under  the  title  “ Agricultural 
Chemical  Industries,”  the  modes  of  manufacture  of  sugar, 
starch,  oils,  oil-cake,  milling  products,  etc.,  are  described 
and  illustrated. 

Most  respectfully, 

CHARLES  WELLINGTON, 

Associate  Professor  of  Chemistry. 
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REPORT  OF  MILITARY  DEPARTMENT. 


Amherst,  Mass.,  Dec.  31,  1888. 

H.  H.  Goodell,  President  Mass.  Agricultural  College , Amherst , Mass. 

Sir  : — In  submitting  my  annual  report,  I take  great 
pleasure  in  announcing  that  the  alterations  so  often  recom- 
mended by  this  department  as  necessary  in  the  drill  hall 
have  at  last  been  completed.  A Gurney  hot- water  heater  of 
the  largest  capacity  has  been  placed  in  an  adjoining  room, 
and  eight  tiers  of  one  and  one-half  inch  pipe  have  been  run 
around  the  hall  and  fastened  to  the  masonry  foundation. 
The  contractors  guarantee  to  keep  the  temperature  at  fifty, 
when  the  thermometer  stands  at  zero  outside.  The  hall  has 
been  ceiled  with  dressed  spruce,  which  has  been  treated 
with  oil  varnish,  bringing  out  the  grain  of  the  wood,  and 
giving  to  the  whole  hall  an  appearance  of  finish  and  comfort 
most  satisfactory,  when  compared  with  that  of  last  winter. 

As  soon  as  these  alterations  were  completed,  the  cadets 
determined  to  raise  money  enough  among  themselves  and 
their  friends  to  start  a gymnasium  that  would  temporarily 
answer  their  purpose,  until  such  time  as  the  State  author- 
ities see  fit  to  furnish  a gymnasium  of  a capacity  sufficient  to 
meet  the  wants  of  the  college.  Two  hundred  dollars  were 
raised,  and,  while  we  could  expend  a larger  amount  advan- 
tageously, we  feel  as  though  we  had  secured  an  addition  to 
the  college  that  will  be  of  immense  advantage,  and  afford 
great  pleasure  and  profit  to  every  member  of  the  corps.  As 
there  are  no  rooms  on  the  college  grounds  where  the  students 
can  meet  together  socially,  I have  long  felt  that  something 
of  this  kind  should  be  provided ; and  if  during  the  winter 
the  cadets  are  influenced  to  remain  on  the  grounds,  instead 
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of  visiting  the  town  during  recreation  hours,  the  scheme  will 
have  accomplished  a work  that  should  commend  itself  to 
every  friend  of  the  college.  Before  leaving  this  subject,  I 
would  earnestly  recommend  that  an  appropriation  of  one 
thousand  dollars  be  asked  for,  in  order  to  furnish  bath- 
rooms and  water-closets  in  the  drill  hall,  which  will  then 
be  in  my  opinion  one  of  the  best-equipped  halls  for  the 
purpose  in  the  country. 

Drills  have  been  somewhat  delayed  .this  fall,  owing  to  the 
inclement  weather  and  the  breaking  down  of  one  of  the  gun 
carriages,  which  was  sent  to  the  arsenal  at  Troy  and  a new 
one  received  in  its  place.  The  unusually  large  freshman 
class  has  kept  the  seniors  very  busy  teaching  the  prelimi- 
nary drills,  that  are  so  necessary  in  making  the  cadet  present 
the  appearance  that  marks  the  well-drilled  soldier.  As 
these  are  all  conducted  by  the  upper  classmen,  it  gives  them 
that  practice  that  will  make  them  so  valuable  in  case  their 
services  are  ever  needed  in  time  of  war.  It  is  the  teacher  of 
recruits  that  is  in  demand  when  armies  are  to  be  made  out  of 
citizens,  and  these  young  men  will  retain  this  knowledge 
as  long  as  they  do  anything  else  they  learn  at  this  time  of 
life. 

Among  the  freshmen  I found  quite  a number  that  were,  in 
my  opinion,  too  small  to  bear  arms  during  the  preliminary 
drills.  I therefore  sent  them  to  the  drill  hall,  to  work  in 
the  gymnasium  under  the  supervision  of  proper  instructors, 
until  such  time  as  they  were  strong  enough  to  carry  a 
musket.  Target  practice  has  been  ordered  as  often  as  the 
weather  would  permit,  and  the  progress  of  the  upper  classes 
has  been  very  satisfactory.  I have  'devoted  considerable 
time  to  firing  from  the  prone  position,  in  order  that  the 
cadets  might  be  prepared  to  fire  at  long  distances,  if  the 
opportunity  ever  offered.  The  interest  in  target  practice 
has  steadily  increased  ever  since  the  junior  class  was 
regularly  detailed  for  that  purpose.  If  more  ammunition 
could  be  obtained,  I think  it  could  be  expended  with  great 
profit  to  the  individual  cadet  and  also  to  the  country,  as  the 
modern  foot  soldier,  if  not  a marksman,  is  of  little  use  in 
the  field. 

The  purchase  of  seventy-five  new  sabre  belts  has  been  of 
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great  advantage  in  teaching  sabre  drill,  for  the  cadets  are 
not  only  more  easily  taught,  but  the  heavy  cavalry  sabre  can 
now  be  worn  with  ease  and  comfort  by  all  who  are  under  in- 
struction . 

The  wisdom  of  making  drills  compulsory  is  well  illustrated 
in  the  thorough  discipline  that  pervades  the  battalion,  and  in 
fact  all  the  departments  of  the  college,  as  far  as  I am  able  to 
judge.  The  importance  of  discipline  in  a school  of  this 
kind  cannot  be  overestimated;  and,  with  the  co-operation 
of  the  president  and  faculty,  its  enforcement  has,  in  the 
military  department,  been  so  quietly  applied  as  to  produce 
no  friction,  and  cause  no  discomfort  to  anyone  in  the  depart- 
ment. As  was  anticipated,  there  is  less  desire  to  avoid 
military  drill  under  these  strict  orders  than  under  the  same 
orders  only  partially  enforced.  Those  who  can  bring  a 
surgeon’s  certificate  of  disability  are  excused  from  drill.  All 
others  are  required  to  attend  those  prescribed,  and  this  re- 
sults in  preparing  them  for  the  positions  that  only  men 
educated  in  military  schools  are  able  to  fill. 

The  present  senior  class  entered  the  college  the  year  I 
took  charge  of  the  military  department,  and  has  for  four 
years  been  practising  under  the  rules  then  adopted.  I con- 
fidently believe  they  have  been  benefited  by  their  course, 
even  though  they  may  never  be  called  upon  to  exercise  their 
knowledge  of  military  science.  They  are  well  grounded  in 
all  the  various  drills  taught,  are  competent  instructors,  good 
disciplinarians,  and  are  capable  of  organizing  a company  and 
placing  it  in  the  field  ready  for  service. 

During  the  fall  term,  the  battalion  has  given  two  exhibi- 
tion drills,  one  at  Belchertown  and  the  other  at  Springfield, 
the  latter  before  the  Governor  of  the  State  and  a large 
assemblage  of  citizens.  The  confidence  acquired  and  the 
efforts  made  by  the  cadets  to  present  a creditable  appearance 
have  been  a great  advantage.  Though  the  weather  was 
severe,  the  manoeuvres  being  executed  in  a furious  snow- 
storm, they  elicited  a hearty  and  generous  applause. 

I desire  to  renew  my  recommendation  in  regard  to  cadets 
occupying  rooms  in  the  college  dormitories.  They  are  as 
comfortable  as  any  in  the  neighborhood,  and  as  reasonable 
in  price.  If  the  students  are  required  to  occupy  them,  they 
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will  be  brought  under  the  inspections  that  are  made  every 
Saturday  of  all  the  dormitory  rooms.  In  the  freshman  year 
I think  this  influence  of  great  importance  in  forming  those 
habits  of  neatness  and  order,  that  are  so  important  in  what- 
ever position  in  life  they  may  be  called  upon  to  occupy. 

The  reduction  in  the  price  of  the  uniform,  from  thirty-four 
dollars  to  seventeen  and  one-half  dollars,  has  been  of  great 
benefit  to  those  students  who  have  a fixed  amount  of  money 
to  expend  in  their  education,  and  must  leave  college  when 
this  is  gone.  The  battalion  always  drills  in  blouses*  The 
dress  coat  was  only  worn  during  the  commencement  exer- 
cises, and  for  that  reason  could  the  more  easily  be  dispensed 
with,  without  detriment  to  the  efficiency  of  the  command. 


THEORETICAL  AND  PRACTICAL  COURSE  OF  INSTRUCTION. 

Theory. 

Winter  term,  freshman  year.  One  hour  per  week  for 
the  term.  Recitations  in  Upton’s  Infantry  Tactics ; School 
of  the  Soldier;  School  of  the  Company  ; Skirmish  Drill. 

Winter  term,  sophomore  year.  One  hour  per  week,  half 
the  term.  Recitations  in  United  States  Artillery  Tactics  ; 
School  of  the  Soldier ; Sabre  Exercise ; Manual  of  the 
Piece. 

Senior  class.  One  hour  per  week,  fall,  winter  and  spring 
terms.  Recitation  in  Hamilton’s  Elementary  Principles  con- 
nected with  the  Art  of  War. 

Practice. 

All  students  (unless  physically  disqualified,  and  furnished 
with  a surgeon’s  certificate  to  that  effect)  will  be  required  to 
attend  the  prescribed  military  duties  and  exercises,  those 
pursuing  a special  or  partial  course  not  being  exempt  as  long 
as  they  remain  at  the  college. 

As  soon  as  possible  after  entering  the  college,  students 
will  be  required  to  provide  themselves  with  a uniform,  com- 
prising blouse,  trousers,  cap,  white  gloves,  etc.,  costing 
about  seventeen  and  one-half  dollars. 

All  students  are  required  to  conduct  themselves  in  a quiet, 
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orderly  and  soldierly  manner.  Obedience  to  superior  officers 
and  orders  must  be  prompt  and  willing  at  all  times. 

To  insure  a proper  sanitary  condition  of  the  college  build- 
ings, each  Saturday  the  commandant  makes  a thorough 
inspection  of  all  rooms  and  buildings.  During  this  time,  the 
students,  in  uniform,  are  required  to  be  in  their  rooms,  for 
the  proper  police  of  which  they  are  held  strictly  accountable. 
At  the  beginning  of  each  term,  issues  of  such  equipments  as 
they  require  will  be  made  to  the  students.  Receipts  will  be 
taken  for  each  article  issued,  and  cadets  will  be  held  respon- 
sible for  any  loss  or  injury  to  said  articles. 

For  practical  instruction,  the  following  public  property  is 
in  the  hands  of  the  college  authorities  : — 

One  platoon  Napoleons  (light  twelve)  ; seventy-five  sabres 
and  belts ; one  hundred  breech-loading  rifles,  calibre  forty- 
five  ; several  accurate  target  rifles ; two  eight-inch  siege 
mortars,  with  complete  equipments.  For  practice  firing,  the 
United  States  furnishes  blank  cartridges  for  all  guns,  and 
ball  cartridges  for  rifle  practice. 

Drills,  amounting  to  three  each  week,  are  as  follows  : — 
Infantry ; school  of  the  soldier ; company  and  battalion ; 
manual  of  arms  ; sabre  and  bayonet  exercise  ; skirmish  drill ; 
target  practice  and  ceremonies. 

For  instruction  in  infantry  tactics,  the  cadets  are  organized 
into  a battalion  of  two  or  more  companies,  under  the  com- 
mandant. The  commissioned  officers  of  the  corps  are  selected 
from  those  cadets  of  the  senior  class  who  show  the  greatest 
aptitude  for  military  duty,  and  ability  to  impart  this  knowl- 
edge to  others.  All  seniors  in  turn  are  placed  in  command 
of  the  companies  and  battalions,  and  are  liable  to  be  called 
upon  at  any  time  to  perform  field  and  staff  duties. 

I have  the  honor  to  submit  the  following  as  the  battalion 


organization  : — 

Commissioned  Staff. 

First  Lieutenant  and  Adjutant,  . . . . H.  E.  Woodbury. 

First  Lieutenant  and  sub- Adjutant,  . . . A.  L.  Miles. 

First  Lieutenant  and  Quartermaster , . . C.  A.  Whitney. 

Non-commissioned  Staff. 

Sergeant-Major , A.  N.  Stowe. 

Quartermaster- Sergeant, J.  S.  West. 
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Company  A. 


Captain , . 

First  Lieutenant , 
Second  Lieutenant , 
First  Sergeant , 
Sergeant , 

Corporal , 


J.  R.  Blair. 

D.  L.  Hubbard. 
J.  T.  Hutchings. 

D.  Barry. 

E.  Gregory. 

A.  C.  McCloud. 


Company  B. 

Captain , 

First  Lieutenant , 

Second  Lieutenant,  .... 

FYrstf  Sergeant, 

Sergeant, 

Corporal, 


B.  L.  Hartwell. 
F.  W.  Davis. 

C.  S.  Crocker. 

T.  P.  Felton. 

C.  M.  Du  Bois. 


Company  C. 

Captain, A.  M.  Nourse. 

First  Lieutenant, W.  A.  Kellogg. 

Second  Lieutenant, A.  D.  Copeland. 

First  Sergeant, H.  L.  Russell. 

Sergeant, - 

Corporal, G.  B.  Simonds. 

Very  respectfully,  your  obedient  servant, 

GEORGE  E.  SAGE, 

First  Lieutenant  Fifth  Artillery. 
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CALENDAR  FOR  1889-90. 


1889. 

January  2,  Wednesday,  winter  term  begins,  at  8.15  a.m. 
March  22,  Friday,  winter  term  closes,  at  10.30  a.m. 

April  2,  Tuesday,  spring  term  begins,  at  8.15  a.m. 


June  16,  Sunday, 


June  18,  Tuesday, 


June  19,  Wednesday, 


( Baccalaureate  Sermon. 

^Address  before  the  Christian  Union. 

June  17,  Monday,  Kendall  Prize  Speaking. 

Grinnell  Prize  Examination  of  the  Senior 
Class  in  Agriculture. 

Military  Exercises. 

Meeting  of  the  Alumni. 

^President’s  Reception. 

^Commencement  Exercises. 

^Meeting  of  Trustees. 

June  20,  Thursday,  examinations  for  admission,  at  9 a.m., 
Botanic  Museum. 

September  3,  Tuesday,  examinations  for  admission,  at  9 a.m., 
Botanic  Museum. 

September  4,  Wednesday,  fall  term  begins,  at  8.15  a.m. 

December  20,  Friday,  fall  term  closes,  at  10.30  a.m. 


1890. 

January  8,  Thursday,  winter  term  begins,  at  8.15  a.m. 
March  21,  Friday,  winter  term  closes,  at  10.30  a.m. 
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Term  expires. 

HENRY  S.  HYDE  of  Springfield,  ....  1890 

PHINEAS  STEDMAN  of  Chicopee,  ....  1890 

JAMES  S.  GRINNELL  of  Greenfield,  . . . 1891 

JOSEPH  A.  HARWOOD  of  Littleton,  . . . 1891 

WILLIAM  H.  BO WKER  of  Boston,  . . . 1892 

ARTHUR  A.  BRIGHAM  of  Marlborough,  . . 1892 

THOMAS  P.  ROOT  of  Barre  Plains,  . . . 1893 

J.  HOWE  DEMOND  of  Northampton,  . . . 1893 

FRANCIS  H.  APPLETON  of  Lynnfield,  . . . 1894 

WILLIAM  WHEELER  of  Concord,  ....  1894 

ELIJAH  W.  WOOD  of  West  Newton,  . . . 1895 

GEORGE  A.  MARDEN  of  Lowell,  ....  1895 

DANIEL  NEEDHAM  of  Groton,  ....  1896 

JAMES  DRAPER  of  Worcester,  ....  1896 


Members  Ex-Officio. 

His  Excellency  Governor  OLIVER  AMES,  President  of  the 
Corporation. 

HENRY  H.  GOODELL,  President  of  the  College. 

JOHN  W.  DICKINSON,  Secretary  of  the  Board  of  Education. 
WILLIAM  R.  SESSIONS,  Secretary  of  the  Board  of  Agriculture. 


JAMES  S.  GRINNELL  of  Greenfield, 
Vice-President  of  the  Corporation. 


WILLIAM  R.  SESSIONS  of  Hampden,  Secretary. 


FRANK  E.  PAIGE  of  Amherst,  Treasurer. 


HENRY  S.  HYDE  of  Springfield,  Auditor. 
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Committee  on  Finance  and  Buildings.* 

JAMES  S.  GRINNELL,  HENRY  S.  HYDE, 

J.  HOWE  DEMOND,  DANIEL  NEEDHAM,  Chairman. 


Committee  on  Course  of  Study  and  Faculty.* 

THOMAS  P.  ROOT,  FRANCIS  H.  APPLETON, 
WILLIAM  H.  BOWKER,  WILLIAM  WHEELER,  Chairman. 


Committee  on  Farm  and  Horticultural  Departments.* 

PHINEAS  STEDMAN,  ELIJAH  W.  WOOD, 

JOSEPH  A.  HARWOOD,  JAMES  DRAPER, 

WILLIAM  R.  SESSIONS,  Chairman. 


Committee  on  Experiment  Department.* 

DANIEL  NEEDHAM,  ELIJAH  W.  WOOD, 

WILLIAM  WHEELER,  JAMES  DRAPER, 

WILLIAM  R.  SESSIONS,  Chairman. 


Board  of  Overseers. 

THE  STATE  BOARD  OF  AGRICULTURE. 


Examining  Committee  of  Overseers. 


SAMUEL  B.  BIRD, 

GEORGE  CRUICKSHANKS, 
VELOROUS  TAFT, 

GEORGE  S.  TAYLOR, 
ATKINSON  C.  VARNUM,  . 
NATHANIEL  S.  SHALER,  . 


of  Framingham, 
of  Lunenburg, 
of  Upton, 
of  Chicopee  Falls, 
of  Lowell, 
of  Cambridge. 


The  Faculty. 

HENRY  H.  GOODELL,  M.A.,  President , 

Professor  of  Modern  Languages  and  English  Literature. 

* The  President  of  the  College  is  ex-officio  a member  of  each  of  the  above  com- 
mittees. 
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LEVI  STOCKBRIDGE, 

Professor  of  Agriculture,  Honorary. 

CHARLES  A.  GOESSMANN,  Ph.D., 

Professor  of  Chemistry. 

SAMUEL  T.  MAYNARD,  B.Sc., 
Professor  of  Botany  and  Horticulture. 

CLARENCE  D.  WARNER,  B.Sc., 
Professor  of  Mathematics  and  Physics. 

CHARLES  WELLINGTON,  Ph.D., 

Associate  Professor  of  Chemistry. 

CHARLES  H.  FERNALD,  Ph.D., 

Professor  of  Zoology  and  Lecturer  on  Veterinary  Science. 

Rev.  CHARLES  S.  WALKER,  Ph.D., 

Professor  of  Mental  and  Political  Science. 

WILLIAM  P.  BROOKS,  B.Sc., 

Professor  of  Agriculture. 

GEORGE  E.  SAGE,  1st  Lt.  5th  Art.,  U.  S.  A., 
Professor  of  Military  Science  and  Tactics. 

FRANK  E.  PAIGE, 

Lecturer  on  Farm  Law. 

JOHN  W.  LANE,  M.A., 

Instructor  in  Elocution. 


HENRY  H.  GOODELL,  M.A., 
Librarian. 


Graduates  of  1888.* 

Belden,  Edward  Henry,  ....  North  Hatfield. 

Bliss,  Herbert  Charles  (Boston  Univ.),  . Attleborough. 

* The  annual  report,  being  made  in  January,  necessarily  includes  parts  of  two 
academic  years,  and  the  catalogue  bears  the  names  of  such  students  as  have  been 
connected  with  the  college  during  any  portion  of  the  year  1888. 
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Brooks,  Frederick  Kimball,  .... 

Cooley,  Fred  Smith, 

Dickinson,  Edwin  Harris,  .... 

Field,  Samuel  Hall, 

Foster,  Francis  Homer  (Boston  Univ.), 
Hayward,  Albert  Irving  (Boston  Univ.), 
Holt,  Jonathan  Edward  (Boston  Univ.), 
Kinney,  Lorenzo  Foster  (Boston  Univ.), 
Knapp,  Edward  Everett  (Boston  Univ.), 
Mishima,  Yataro  (Boston  Univ.), 

Moore,  Robert  Bostwick  (Boston  Univ.), 
Newman,  George  Edward,  . 

Noyes,  Frank  Frederick  (Boston  Univ.), 
Parsons,  Wilfred  Atherton,  . 

Rice,  Thomas,  2d, 

Shepardson,  William  Martin  (Boston  Univ.), 
Shimer,  Boyer  Luther  (Boston  Univ.), 

Total, 


Haverhill. 

Sunderland. 

North  Amherst. 
North  Hatfield. 
Andover. 

Ashby. 

Andover. 

Worcester. 

Glenwood. 

Tokio,  Japan. 
Framingham. 
Newbury. 

Hingham. 
Southampton. 
Shrewsbury. 
Warwick. 
Redington,  Pa. 

19 


Senior  Class. 


Blair,  James  Roswell,  . 
Bliss,  Clinton  Edwin,  . 
Copeland,  Arthur  Davis, 
Crocker,  Charles  Stoughton, 
Davis,  Franklin  Ware,  . 
Hartwell,  Burt  Laws,  . 
Hubbard,  Dwight  Lauson, 
Huse,  Frederick  Robinson, 
Hutchings,  James  Tyler, 
Kellogg,  William  Adams, 
Miles,  Arthur  Lincoln,  . 
North,  Mark  Newell, 

Ok  ami,  Yoshiji, 

Sellew,  Robert  Pease,  . 
Whitney,  Charles  Albion, 
Total,  . 


Warren. 

Attleborough. 

Campello. 

Sunderland. 

Tamworth,  N.  H. 

Littleton. 

Amherst. 

Winchester. 

Amherst. 

North  Amherst. 

Rutland. 

Somerville. 

Tokio,  Japan. 

East  Longmeadow. 
Upton. 

15 


Junior 

Alger,  George  Ward,  . 

Barry,  David,  .... 
Braman,  Samuel  Noyes, 

Castro,  Arthur  de  Moraes  e, . 
Dickinson,  Dwight  Ward, 

Felton,  Truman  Page,  . 

Goddard,  George  Andrew,  . 
Gregory,  Edgar,  .... 


Class. 

. . West  Bridgewater. 

. Southwick. 

. Wayland. 

. Juizde  Fora,  Minas, Brazil. 
. Amherst. 

. Berlin. 

. . Turner’s  Falls. 

. . Marblehead. 
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Haskins,  Henry  Darwin, 

. North  Amherst. 

Herrero,  Jos6  Maria, 

. Jovellanos,  Cuba. 

Jones,  Charles  Howland, 

. Downer’s  Grove,  HI. 

Loring,  John  Samuel,  . 

. Shrewsbury. 

McCloud,  Albert  Carpenter,  . 

. Amherst. 

Mossman,  Fred  Way,  . 

. Westminster. 

Nourse,  Arthur  Merriam, 

. Westborough. 

Plumb,  Frank  Herbert, 

. Westfield. 

Russell,  Fred  Newton,  . 

. Sunderland. 

Russell,  Henry  Lincoln, 

. Sunderland. 

Simonds,  George  Bradley,  . 

. Ashby. 

Smith,  Frederic  Jason,  . 

. North  Hadley. 

Stillings,  Levi  Chamberlain, 

. Medford. 

Stowe,  Arthur  Nelson,  . 

. Hudson. 

Stratton,  Eddie  Nathan, 

. Marlborough. 

Taft,  Walter  Edward,  . 

. Dedham. 

Taylor,  Fred  Leon, 

. Amherst. 

West,  John  Sherman,  . 

. Belchertown. 

Whitcomb,  Nahum  Harwood, 

. Littleton. 

* Williams,  Arthur  Sanderson, 

. Sunderland. 

Williams,  Frank  Oliver, 

. Sunderland. 

Woodbury,  Herbert  El  well,  . 

. Gloucester. 

Sophomore  Class. 


Arnold,  Frank  Luman,  . 

. Belchertown. 

Belden,  Allan  Montgomery,  . 

. East  Whately. 

Bush,  Edward,  .... 

. Boston. 

Brown,  Walter  Augustus, 

. Feeding  Hills. 

Carpenter,  Malcolm  Austin, 

. Leyden. 

Davenport,  Alfred  Mortimer, 

. Mt.  Auburn. 

Du  Bois,  Cornelius  Mcllvaine, 

. Keene  Valley,  N.  Y. 

Eames,  Aldice  Gould,  . 

. North  Wilmington. 

Felt,  Ephraim  Porter,  . 

. Northborough. 

Field,  Henry  John, 

. Leverett. 

Gay,  Willard  Weston,  . 

. Georgetown. 

Horner,  Louis  Frederick, 

. Newton  Highlands. 

Hull,  John  Byron, 

. Stockbridge. 

Hurley,  Michael  Edward, 

. Amherst. 

Johnson,  Charles  Henry, 

. Prescott. 

Legate,  Howard  Newton, 

. Sunderland. 

Paige,  Walter  Cary, 

. Amherst. 

Palmer,  Herbert  Walter, 

. Littleton. 

Phillips,  John  Edward  Stanton,  . 

. Brooklyn,  Ct. 

Pond,  William  Hollis,  . 

. North  Attleborough. 

Richards,  George  Erwin, 

. Foxborough. 

Died  of  typhoid  fever,  at  Sunderland,  Sept.  8,  1888. 
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Ruggles,  Murray, . 
Russell,  Edward  Elias, 
Sanderson,  Harry  Til'son, 
Sawyer,  Arthur  Henry, 
Shores,  Harvey  Towle, 
Tuttle,  Harry  Fessenden, 
Total,  . 


. Milton. 

. Petersham. 

. . Leicester. 

. . Sterling. 

. West  Bridgewater. 

. Jamaica  Plain. 
27 


Freshman 

Baldus,  Francis  Gustave, 

Bardin,  James  Edgar,  . 

Boynton,  Walter  Ira,  . 

Chamberlain,  Pierce  Annesley,  . 
Clark,  Edward  Thornton, 

Condit,  Charles  de  Hart, 

Crane,  Henry  Everett,  . 

Davidson,  Royal  Page,  . 

Deuel,  James  Edward, . 

Eaton,  Henry  Newell,  . 

Emerson,  Henry  Bennett, 

Faneuf,  Arthur  Gelis,  . 

Farrar,  Frederick  Allen, 

Field,  Judson  Leon, 

Fletcher,  William, 

Fowle,  Samuel  Osie, 

Goldthwait,  Jr.,  William  Johnson, 
Gorham,  Frederick  Seeley,  . 

Graham,  Charles  Sumner,  . 

Haley,  George  Williams, 

Hoar,  Thomas,  .... 
Holland,  Edward  Bertram,  . 

Howard,  Henry  Merton, 

Howe,  Elbridge  Lewis, 

Hubbard,  Cyrus  Moses, 

Hull,  Henry  Banks, 

Lage,  Oscar  Vidal  Barboza, . 


Lindsey,  Ernest,  . 

Lyman,  Richard  Pope,  . 
McDonald,  Frederick  John,  . 
Magill,  Claude  Albion, 

Nauss,  Charles  Strum,  . 

Page,  Harry  Savage,  . 
Rogers,  Elliot, 

Saville,  James  Richardson,  . 
Sedgwick,  Benjamin,  . 

Smith,  Robert  Hyde,  . 
Stockbridge,  Francis  Granger, 
Stone,  Harlan  Fisk, 


Class. 

. Belchertown. 

. Dalton. 

. North  Amherst. 

. Northfield. 

. Granby. 

. Troy  Hills,  N.  Y. 

. Weymouth. 

. Highland  Park,  111. 

. Amherst. 

. South  Sudbury. 

. Gloucester. 

. Amherst. 

. Ware. 

. Leverett. 

. Chelmsford. 

. Wellesley. 

. Marblehead. 

. Westport,  Ct. 

. Holden. 

. Stonington,  Ct. 

. Amherst. 

. Amherst. 

. Franklin. 

. New  Haven,  Ct. 

. Sunderland. 

. Hempstead,  L.  I. 

. Juiz  de  Fora,  Minos- 
Geraes,  Brazil. 

. Marblehead. 

. Boston. 

. Montreal,  Canada. 

. Amherst. 

. Gloucester. 

. So.  Orange,  N.  J. 

. Allston. 

. Rockport. 

. Cornwall  Hollow,  Ct. 

. Amherst. 

. Northfield. 

. Amherst. 
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Taylor,  George  Everett, 
Thomson,  Henry  Martin, 
Tyng,  Charles, 

Tyng,  George  Me  Alpine, 
Weed,  Wallace  Dana,  . 
West,  Homer  Cady, 
Willard,  George  Bartlett, 
Williams,  Milton  Hubbard, 
Wood,  Augustus  Roswell, 
Total,  . 


. Shelburne. 

. Monterey. 

. Victoria,  Texas. 

. Victoria,  Texas. 

. Marblehead. 

. Belchertown. 

. Waltham. 

. Sunderland. 

. Central  Village. 

48 


Resident  Graduates  at  the  College  and  Experiment  Station. 


Allen,  B.S.,  Edwin  West  (Boston  Univ.),  . 
Caldwell,  B.S.,  William  Hutson,  . 
Carpenter,  B.S.,  Frank  Berton, 

Flint,  B.S,  Ed  ward  Rawson  (BostonUniv.),  . 


Green,  B.S.,  Samuel 

Bowdlear 

(Boston 

Univ.), 

Kinney,  B.S.,  Lorenzo 

> Foster 

(Boston 

Univ.), 

Knapp,  B.S.,  Edward 

Everett 

(Boston 

Univ.), 

Moore,  B S.,  Robert 

Bostwick 

(Boston 

Univ.), 

Parsons,  B.S.,  Wilfred  Atherton,  . 
Shepardson,  B.S.,  William  Martin  (Boston 

Univ.), 

Total, 


Amherst. 

Peterborough,  N.  H. 
Leyden. 

Boston. 

Amherst. 

Worcester. 

Glenwood. 

Framingham. 

Southampton. 

Warwick. 

10 


Summary. 


Resident  graduates, 10 

Graduates  of  1888, 19 

Senior  class, 15 

Junior  class,  30 

Sophomore  class, 27 

Freshman  class, 48 


Total, 


149 


COURSE  OF  STUDY. 

Freshman  Year. 
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Afternoon  exercises. 


COURSE  OF  STUDY  — Concluded. 

Junior  Year. 
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Afternoon  exercises. 
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SCHEDULE  OF  TERM  EXERCISES. 


8.15  A.M. 
8.30  a.m. 

10.30  A.M. 
2.00  p.m. 

4.15  p.m. 


8.30  a m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  P.M. 
2.00  p.m. 


8.30  am. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 

1.45  p.m. 

2.45  p.m. 


FALL  TERM. 

General  Exercises. 

Chapel. 

Inspection  of  rooms,  Sat. 

Church,  Sun. 

Rhetoricals,  W. 

Drill,  M.,  W.,  F. 

Class  Exercises. 

Senior. 

Comparative  Anatomy. 

Chemistry,  M.,  T.,  W.,  Th. 

Chemistry,  M.,  T.,  W.,  Th. ; Military  Science,  F. 
Mental  Science. 

Live  Stock,  M.,  T.,  Th.,  F. 

Composition,  W. 

Junior. 

Mechanics,  M.,  T.,  W. ; Farm  Implements,  Th.,  F. 
Rhetoric. 

Zoology  (Lab.)  M.,  T.,  W.,  Th. 

Zoology  (Lab  ) M.,  T.,  W.  Th. 

Market  Gardening,  M.,  T.,  Th.,  F. 

Market  Gardening,  T.,  Th. 


Sophomore. 

8.30  a.m.  French. 

9.30  a.m.  Botany. 

10.30  a.m.  Soils. 

11.30  a.m.  Trigonometry,  M.,  T.,  W.,  Th. ; Military,  F.  (half  term). 
1.45  p.m.  Geology,  M.,  T.,  Th.,  F. 

2.00  p.m.  Composition,  W. 

Freshman. 

8.30  a.m.  Chemistry. 

9.30  a.m.  Climatology,  M.,  T. ; Latin,  W.,  Th.,  F. 

10.30  a.m.  Algebra. 

11.30  a.m.  Botany. 

1.45  p.m.  Declamation,  F. 

2.00  p.m.  Composition,  W. 
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WINTER  TERM. 
General  Exercises. 

8.15  a.m.  Chapel. 

8.30  a.m.  Inspection  of  rooms,  Sat. 

10.30  a.m.  Church,  Sun. 

2.00  p.m.  Rhetoricals,  W. 

4.00  p.m.  Drill,  M.,  W.,  F. 


8.30  A.M. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
2.00  p.m. 

8 30  a.m. 
9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  p.m. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  AM. 
1.45  P.M. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  p.m. 
2.00  p.m. 


Class  Exercises. 

Senior. 

Chemistry,  M , T.,  W. 

Dairy  Farming,  M.,  T.,  W. ; Meteorology,  Th.,  F. 
Veterinary  Science,  T.,  W.,  Th.,  F. ; Military  Science,  M. 
Political  Economy. 

Debate,  W. 

Junior. 

English  Literature. 

Chemistry  (Lab.). 

Chemistry  (Lab.). 

Agriculture,  M.,  T. ; Zoology,  W.,  Th.,  F. 

Physics,  M.,  T.,  Th.,  F. 

Composition,  W. 


Sophomore. 

Human  Anatomy  and  Physiology. 

French. 

Mixed  Farming,  M.,  T. ; Mechanical  Drawing,  W.,  Th.,  F. 
Mechanical  Drawing,  Th.,  F. ; Mensuration,  M.,  T.,  W. 
Botany  (Lab.),  M.,  T.,  Th.,  F. 

Composition,  W. 

Freshman. 

Free-hand  Drawing,  M.,  T , W. 

Free-hand  Drawing,  M.  T.,  W. ; Agriculture,  Th.,  F. 
Algebra  and  Geometry. 

Latin,  T.,  W.,  Th.,  F. ; Military,  M.  (half  term). 

Metals,  M.,  T.,  Th.,  F. 

Composition,  W. 


SPRING  TERM. 


8.15  A.M. 
8.30  A.M. 

10.30  A.M. 
2.00  p m. 

4.15  p.m. 


General  Exercises. 

Chapel. 

Inspection  of  rooms,  Sat. 

Church,  Sun. 

Rhetoricals,  W. 

Drill,  M.,  W.,  F. 
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8.30  a .m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
2.00  P.M. 


8.30  a m. 

9.30  A.M. 

10.30  A.M. 

11.30  A.M 

1.45  p.m.  ^ 
2.00  p.m. 

2.45  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M 

11.30  A.M. 
1.45  p.m. 
1.45  p.m. 
2.00  p.m. 


8.30  a.m. 

9.30  a.m. 

10.30  A.M. 

11.30  A.M. 
1.45  p.m. 
2.00  p.m. 


PUBLIC  DOCUMENT  — No.  31.  51 


Class  Exercises. 

Senior. 

Agricultural  Review,  M.,  T.,  W. 

Geology,  W.,  Th.,  F. ; Military  Science,  M. 

Constitutional  History. 

Chemical  Industries,  M.,  T.,  W. 

Composition,  W. 

Junior. 

English  Literature,  M.,  T.,  W.,  Th. ; Special  Crops,  F. 
Chemistry  (Lab.). 

Physics  (first  six  weeks)  ; Entomology  (last  four  weeks). 
Entomology. 

Forestry,  etc.,  M.,  T.,  Th.,  F. 

Composition,  W. 

Forestry,  etc.,  T.,  Th. 

Sophomore 
Horticulture,  M , T.,  W.,  Th. 

Horticulture,  M.,  T.,  W.,  Th. 

French. 

Fertilizers. 

Surveying,  M.,  T.,  Th.,F. 

Surveying,  M.,  T.,  Th. 

Composition,  W. 


Freshman. 

Geometry,  M.,  T.,  W. ; Mineralogy,  Th.,  F. 
Latin. 

Agriculture. 

Botany. 

Mineralogy,  M.,  T. 

Composition,  W. 
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TEXT  BOOKS. 

Barnard — “ Talks  about  the  Weather.” 

Packard  — “ Manual  of  Bookkeeping.” 

Morton  — “ Soil  of  the  Farm.” 

Gregory  — “ Fertilizers.” 

Miles  — “ Stock  Breeding.” 

Armsby — “ Manual  of  Cattle  Feeding.” 

Gray — “ Manual  of  Botany.” 

Bessey  — “ Botany  for  High  Schools  and  Colleges.” 

Fuller  — “ Practical  Forestry.” 

Maynard  — “ Practical  Fruit  Grower.” 

Scott  — “ Rural  Homes.” 

Ayery  — “ Elements  of  Chemistry.” 

Wills  — “ Tables  for  Qualitative  Chemical  Analysis.” 
Wheeler  — “ Medical  Chemistry.” 

Bloxam  — “ Chemistry.” 

Dana  — “ Manual  of  Mineralogy  and  Lithology.” 

Brush  — “ Determinative  Mineralogy  and  Blow-pipe.” 

Guyot  — “ Physical  Geography.” 

Wentworth  — u Algebra.” 

Wentworth  — u Geometry.” 

Wells  — “ Trigonometry.” 

Warner  — “ Mensuration.” 

Davies  — ‘ ‘ Surveying.” 

Dana — “ Mechanics.” 

Atkinson-Ganot  — “ Physics.” 

Loomis  — “ Meteorology.” 

Harkness  — “Latin  Grammar  and  New  Reader.” 

Whitney  — “ French  Grammar.” 

Genung  — “ Practical  Elements  of  Rhetoric.” 

Kellogg  — “ English  Literature.” 

Porter  — “ Elements  of  Intellectual  Science.” 

Walker  — “ Political  Economy.” 

White — “ Progressive  Art  Studies.”  Elementary  and  Insti’u- 
mental. 

To  give  not  only  a practical  but  a liberal  education  is  the  aim  in 
each  department ; and  the  several  courses  have  been  so  arranged 
as  to  best  subserve  that  end.  Weekly  exercises  in  composition 
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and  declamation  are  held  throughout  the  course.  The  instruction 
in  agriculture  and  horticulture  is  both  theoretical  and  practical. 
A certain  amount  of  labor  is  required  of  each  student,  and  the  les- 
sons of  the  recitation  room  are  practically  enforced  in  the  garden 
and  field.  Students  are  allowed  to  work  for  wages  during  such 
leisure  hours  as  are  at  their  disposal.  Under  the  Act  by  which 
the  college  was  founded,  instruction  in  military  tactics  is  made 
imperative ; and  each  student,  unless  physically  debarred,  is 
required  to  attend  such  exercises  as  are  prescribed,  under  the 
direction  of  a regular  army  officer  stationed  at  the  college.* 


ADMISSION. 

+ 

Candidates  for  admission  to  the  freshman  class  are  examined, 
orally  and  in  writing,  upon  the  following  subjects  : English  Gram- 
mar, Geography,  Arithmetic,  Algebra  to  quadratic  equations,  the 
Metric  System,  and  the  History  of  the  United  States. 

Candidates  for  higher  standing  are  examined  as  above,  and  also 
in  the  studies  gone  over  by  the  class  to  which  they  may  desire 
admission. 

No  one  can  be  admitted  to  the  college  until  he  is  fifteen  years 
of  age.  Every  applicant  is  required  to  furnish  a certificate  of 
good  character  from  his  late  pastor  or  teacher.  Candidates  are 
requested  to  furnish  the  examining  committee  with  their  stand- 
ing in  the  schools  they  have  last  attended.  The  previous  rank  of 
the  candidate  will  be  considered  in  admitting  him.  The  regular 
examinations  for  admission  are  held  at  the  Botanic  Museum,  at 
nine  o’clock  a.m.,  on  Thursday,  June  20,  and  on  Tuesday,  Sep- 
tember 3 ; but  candidates  may  be  examined  and  admitted  at  any 
other  time  in  the  year. 


DEGREES. 

Those  who  complete  the  course  receive  the  degree  of  Bachelor 
of  Science,  the  diploma  being  signed  by  the  Governor  of  Massa- 
chusetts, who  is  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application, 
become  members  of  Boston  University,  and  upon  graduation 
receive  its  diploma  in  addition  to  that  of  the  college,  thereby 
becoming  entitled  to  all  the  privileges  of  its  alumni. 


Certificates  of  disability  must  be  procured  from  Dr.  D.  B.  N.  Fish  of  Amherst. 
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EXPENSES. 


Tuition  in  advance  — 


Fall  term, 

Winter  term, 

Summer  term, 

$30  00 
25  00 
25  00 

$80  00 

$80  00 

Room  rent,  in  advance,  $5.00  to  $16.00  per 
term, 

15  00 

48  00 

Board,  $2.50  to  $5.00  per  week, 

95  00 

190  00 

Fuel,  $5.00  to  $15.00  per  year,  . 

5 00 

15  00 

W ashing,  30  to  60  cents  per  week,  . 

11  40 

22  80 

Military  suit, 

17  75 

17  75 

Expense  per  year,  .... 

$224  15 

$373  55 

Board  in  clubs  has  been  two  dollars  and  fifty  cents  per  week  ; in 
private  families,  four  to  five  dollars.  The  military  suit  must  be 
obtained  immediately  upon  entrance  at  college,  and  used  in  the 
drill  exercises  prescribed.  For  the  use  of  the  laboratory  in  practi- 
cal chemistry  there  will  be  a charge  of  ten  dollars  per  term  used. 
Some  expense  will  also  be  incurred  for  lights  and  for  text  books. 
Students  whose  homes  are  within  the  State  of  Massachusetts  can 
in  most  cases  obtain  a scholarship  by  applying  to  the  senator  of 
the  district  in  which  they  live.  The  outlay  of  money  can  be 
further  reduced  by  work  during  leisure  hours  on  the  farm  or  in 
the  botanic  department.  Applications  should  be  made  to  the  pro- 
fessors in  charge  of  said  departments.  The  opportunities  for  work 
are  more  abundant  during  the  fall  and  summer  terms. 


ROOMS. 

On  and  after  Sept.  3,  1889,  all  students,  except  those  living 
with  parents  or  guardians,  will  be  required  to  occupy  rooms  in  the 
college  dormitories. 

For  the  information  of  those  desiring  to  carpet  their  rooms,  the 
following  measurements  are  given  : In  the  new  south  dormitory, 
the  study  rooms  are  about  fifteen  by  fourteen  feet,  with  a recess 
seven  feet  four  inches  by  three  feet ; and  the  bedrooms  are  eleven 
feet  two  inches  by  eight  feet  five  inches.  This  building  is  heated 
by  steam.  In  the  north  dormitory,  the  corner  rooms  are  fourteen 
by  fifteen  feet,  and  the  annexed  bedrooms  eight  by  ten  feet.  The 
inside  rooms  are  thirteen  feet  and  a half  by  fourteen  feet  and  a 
half,  and  the  bedrooms  eight  by  eight  feet.  A coal  stove  is  fur- 
nished with  each  room. 
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SCHOLARSHIPS. 

Established  by  Private  Individuals. 

Mary  Robinson  Fund  of  one  thousand  dollars,  the  bequest  of 
Miss  Mary  Robinson  of  Medfield. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
Whiting  Street,  Esq.,  of  Northampton. 

Henry  Gassett  Fund  of  one  thousand  dollars,  the  bequest  of  Henry 
Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 


CONGRESSIONAL  SCHOLARSHIPS. 

The  trustees  voted  in  January,  1878,  to  establish  one  free  schol- 
arship for  each  of  the  congressional  districts  of  the  State.  Appli- 
cations for  such  scholarships  should  be  made  to  the  representative 
from  the  district  to  which  the  applicant  belongs.  The  selection 
for  these  scholarships  will  be  determined  as  each  member  of  Con- 
gress may  prefer  ; but,  where  several  applications  are  sent  in  from 
the  same  district,  a competitive  examination  would  seem  to  be 
desirable.  Applicants  should  be  good  scholars,  of  vigorous  con- 
stitution, and  should  enter  college  with  the  intention  of  remaining 
through  the  course,  and  then  engaging  in  some  pursuit  connected 
with  agriculture. 


STATE  SCHOLARSHIPS. 

The  Legislature  of  1883  passed  the  following  Resolve  in  favor 
of  the  Massachusetts  Agricultural  College : — 

Resolved,  That  there  shall  be  paid  annually,  for  the  term  of  four 
years,  from  the  treasury  of  the  Commonwealth  to  the  treasurer  of  the 
Massachusetts  Agricultural  College,  the  sum  of  ten  thousand  dollars,  to 
enable  the  trustees  of  said  college  to  provide,  for  the  students  of  said 
institution,  the  theoretical  and  practical  education  required  by  its  charter 
and  the  law  of  the  United  States  relating  thereto. 

Resolved , That  annually,  for  the  term  of  four  years,  eighty  free  schol- 
arships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Com- 
monwealth, after  a competitive  examination,  under  rules  prescribed  by 
the  president  of  the  college,  at  such  time  and  place  as  the  senator  then 
in  office  from  each  district  shall  designate ; and  the  said  scholarships 
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shall  be  assigned  equally  to  each  senatorial  district  But,  if  there  shall 
be  less  than  two  successful  applicants  for  scholarships  from  any  sena- 
torial district,  such  scholarships  may  be  distributed  by  the  president  of 
the  college  equally  among  the  other  districts,  as  nearly  as  possible ; but 
no  applicant  shall  be  entitled  to  a scholarship  unless  he  shall  pass  an 
examination  in  accordance  with  the  rules  to  be  established  as  hereinbe- 
fore provided. 

The  Legislature  of  1886  passed  the  following  Resolve,  making 
perpetual  the  scholarships  established  : — 

Resolved , That  annually  the  scholarships  established  by  chapter  forty- 
six  of  the  Resolves  of  the  year  eighteen  hundred  and  eighty-three  be 
given  and  continued  in  accordance  with  the  provisions  of  said  chapter. 

In  accordance  with  these  resolves,  anyone  desiring  admission 
to  the  college  can  apply  to  the  senator  of  his  district  for  a scholar- 
ship. Blank  forms  of  application  will  be  furnished  by  the  presi- 
dent. 


EQUIPMENT. 

Botanical  Department. 

Botanic  Museum. — This  contains  the  Knowlton  herbarium, 
consisting  of  over  ten  thousand  species  of  plants  from  nearly  all 
parts  of  the  world  ; a collection  of  models  of  nearly  all  of  the 
leading  varieties  of  apples  and  pears ; a large  collection  of  speci- 
mens of  wood,  cut  so  as  to  show  their  individual  structure ; 
numerous  models  of  tropical  and  other  fruits  ; specimens  of  abnor- 
mal and  peculiar  forms  of  stems,  fruits,  vegetables,  etc.  ; many 
interesting  specimens  of  unnatural  growths  of  trees  and  plants, 
natural  grafts,  etc.  ; together  with  many  specimens  and  models, 
prepared  for  illustrating  the  growth  and  structure  of  plants,  and 
including  a model  of  the  “giant  squash,”  which  raised  by  its 
expansive  force  the  enormous  weight  of  five  thousand  pounds. 

The  botanic  lecture  room,  in  the  same  building,  is  provided 
with  diagrams  and  charts  of  over  three  thousand  figures,  illustrat- 
ing structural  and  systematic  botany  ; also  fourteen  compound 
microscopes  of  R.  B.  Tolies  and  other  manufacturers,  with  objec- 
tives, ranging  from  four  inch  to  one-fifteenth  inch  focal  length. 
In  the  study  of  structural  botany,  the  students  become  familiar 
with  the  use  of  the  compound  microscope,  and  see  the  objects 
studied  for  themselves,  special  attention  being  given  to  the  prac- 
tical study  of  the  structure  and  growth  of  the  common  plants,  cul- 
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tivatedin  the  greenhouse,  garden,  or  on  the  farm.  This  work  is 
done  in  the  botanical  laboratory  connected  with  the  lecture  room. 

Conservatories. — The  Durfee  conservatory,  the  gift  of  the 
Hon.  Nathan  Durfee,  contains  a large  collection  of  plants  espe- 
cially adapted  to  illustrate  the  principles  of  structural,  systematic 
and  economic  botany,  together  with  all  the  leading  plants  used  for 
house  culture,  cut  flowers,  and  out-door  ornamentation.  Here  in- 
struction is  given  in  methods  of  propagation,  cultivation,  training, 
varieties,  etc  , by  actual  practice,  each  student  being  expected  to 
do  all  the  different  kinds  of  work  in  this  department.  These 
houses  are  open  at  all  times  to  the  public  and  students,  who  may 
watch  the  progress  of  growth  and  methods  of  cultivation. 

Two  new  propagating  houses  have  been  built  the  last  season, 
one  heated  with  steam  and  the  other  with  hot  water,  combining 
many  illustrations  in  the  way  of  methods  of  building,  which, 
together  with  the  other  greenhouses,  afford  an  abundant  oppor- 
tunity for  the  study  of  greenhouse  building  and  heating. 

Fruits. — The  orchards,  of  ten  to  fifteen  acres,  contain  all  the 
standard  varieties  of  apples,  pears,  peaches,  plums,  cherries,  etc., 
in  bearing  condition.  Several  acres  of  small  fruits  are  also  grown 
for  the  markets.  The  vineyard,  of  one  and  one-half  acres,  con- 
tains from  thirty  to  forty  varieties  of  fully  tested  kinds  of  grapes. 
New  varieties  of  all  the  above  fruits  are  planted  in  experimental 
plats,  where  their  merits  are  fully  tested.  All  varieties  of  fruits, 
together  with  the  ornamental  trees,  shrubs  and  plants,  are  dis- 
tinctly labelled,  so  that  students  and  visitors  may  readily  study 
their  characteristics.  Methods  of  planting,  training,  pruning, 
cultivation,  study  of  varieties,  gathering  and  packing  of  fruits, 
etc.,  are  taught  by  field  exercises,  the  students  doing  a large 
part  of  the  work  in  this  department. 

Nursery.  — This  contains  more  than  twenty-five  thousand  trees, 
shrubs  and  vines  in  various  stages  of  growth,  where  the  various 
methods  of  propagating  by  cuttings,  layers,  budding,  grafting, 
pruning  and  training  of  young  trees,  are  practically  taught  to  the 
students. 

Garden.  — All  kinds  of  garden  and  farm-garden  crops  are 
grown  in  this  department  for  market,  furnishing  ample  illustration 
of  the  treatment  of  all  market-garden  crops,  special  attention 
being  given  to  the  selection  of  varieties  and  the  growth  of  seed. 
The  income  from  the  sales  of  trees,  plants,  flowers,  fruits  and 
vegetables,  aids  materially  in  the  support  of  the  department,  and 
furnishes  illustrations  of  the  methods  of  business,  with  which  all 
students  are  expected  to  become  familiar. 
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Forestry.  — Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery ; and  plantations  have  been  made  upon  the 
college  grounds  and  upon  private  property  in  the  vicinity,  in 
various  stages  of  growth,  affording  good  examples  of  this  most 
important  subject.  A large  grove  in  all  stages  of  growth  is  con- 
nected with  this  department,  where  the  methods  of  pruning  forest 
trees  and  the  management  and  preservation  of  forests  can  be 
illustrated. 

Natural  History  Department. 

The  department  of  zoology  is  well  supplied  with  microscopes 
and  accessories  necessary  for  the  study  of  the  lower  forms  of  life 
and  the  tissue  of  the  higher  animals.  The  State  collection  of 
specimens  illustrating  the  natural  history  of  Massachusetts  has 
been  put  on  exhibition  in  the  new  cabinet,  and  is  valuable  for 
purposes  of  instruction.  To  this  has  recently  been  added  a col- 
lection of  skeletons,  models  and  stuffed  animals,  purchased  from 
Prof.  H.  A.  Ward,  and  a fine  collection  of  corals  presented  by  the 
Museum  of  Comparative  Zoology  of  Cambridge. 


Mathematical  Department. 

The  instruction  embraces  pure  mathematics,  civil  engineering, 
mechanics  and  physics.  For  civil  engineering  there  is  an  Eck- 
hold’s  omnimeter,  a solar  compass,  an  engineer’s  transit,  a sur-. 
veyor’s  transit,  two  common  compasses,  two  levels,*  a sextant, 
four  chains,  three  levelling  rods,  and  such  other  incidental  appa- 
ratus as  is  necessary  for  practical  field  work.  For  mechanics 
there  is  a full  set  of  mechanical  powers,  and  a good  collection  of 
apparatus  for  illustration  in  hydrostatics,  hydro-dynamics  and 
pneumatics.  For  physics  the  apparatus  is  amply  sufficient  for 
illustrating  the  general  principles  of  sound,  heat,  light  and  elec- 
tricity. Adjacent  to  the  commodious  lecture  room  are  a battery 
room  and  the  physical  cabinet,  to  which  latter  has  been  lately 
added  much  valuable  apparatus. 

Chemical  Department. 

This  department  has  charge  of  instruction  in  general,  agricul- 
tural and  analytical  chemistry,  and,  at  present,  of  that  in  miner- 
alogy and  chemical  geology.  For  demonstration  and  practical 
work  in  these  subjects,  the  department  is  equipped  as  follows  : — 

For  general  chemistry,  the  lecture  room  contains  a series  of 
thirty  wall  charts,  illustrative  of  chemical  processes  on  the  large 
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scale ; a series  of  seven  wall  charts,  showing  the  composition  of 
food  materials  ; and  a collection  of  apparatus  for  demonstration  on 
the  lecture  table.  For  agricultural  chemistry  there  is  on  hand  a 
good  typical  collection  of  raw  and  manufactured  materials,  illus- 
trating fertilization  of  crops  and  the  manufacture  of  fertilizers  ; a 
partial  collection  of  grains  and  other  articles  of  foods,  and  of  their 
proximate  constituents.  For  analytical  chemistry  there  is  a labora- 
tory for  beginners,  in  a capacious  room,  well  lighted  and  venti- 
lated, and  furnished  with  fifty-two  working  tables,  each  table  being 
provided  with  sets  of  reagents,  wet  and  dry,  a fume  chamber, 
water,  gas,  drawer  and  locker,  the  whole  arranged  on  an  improved 
plan ; a laboratory  for  advanced  students,  with  eight  tables,  and 
provided  with  gas,  water,  fume  chambers,  drying  baths,  furnaces, 
two  Becker  analytical  balances,  and  incidental  apparatus  Both 
laboratories  are  supplied  with  collections  of  natural  and  artificial 
products  used  in  analytical  practice.  For  instruction  in  miner- 
alogy, use  is  made  of  the  larger  chemical  laboratory.  A small 
collection  of  cabinet  specimens,  and  a collection  of  rough  speci- 
mens for  work  in  determinative  mineralogy,  serve  for  practical 
study.  For  instruction  in  chemical  geology,  the  laboratory  pos- 
sesses a collection  of  typical  cabinet  specimens. 

Library. 

This  now  numbers  eighty-two  hundred  and  eighty-five  volumes, 
having  been  increased  during  the  year,  by  gift  and  purchase, 
eighteen  hundred  volumes.  It  is  placed  in  the  lower  hall  of  the 
new  chapel-library  building,  and  is  made  available  to  the  general 
student  for  reference  or  investigation.  It  is  especially  valuable 
as  a library  of  reference,  and  no  pains  will  be  spared  to  make  it 
complete  in  the  departments  of  agriculture,  horticulture  and  bot- 
any, and  the  natural  sciences.  It  is  open  a portion  of  each  day 
for  consultation,  and  an  hour  every  evening  for  the  drawing  of 
books. 


PRIZES. 

Rhetorical  Prizes. 

The  prizes  heretofore  offered  by  Isaac  D.  Farnsworth,  Esq., 
will  this  year  be  given  by  Hiram  Kendall,  of  the  class  of  1876. 
These  prizes  are  awarded  for  excellence  in  declamation,  and  are 
open  to  competition,  under  certain  restrictions,  to  members  of  the 
sophomore  and  freshman  classes. 
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Grinnell  Agricultural  Prizes. 

Hon.  William  Claflin  of  Boston  has  given  the  sum  of  one 
thousand  dollars  for  the  endowment  of  a first  and  second  prize,  to 
be  called  the  Gfinnell  Agricultural  Prizes,  in  honor  of  Geo.  B. 
Grinned,  Esq.,  of  New  York.  These  two  prizes  are  to  be  paid  in 
cash  to  those  two  members  of  the  graduating  class  who  may  pass 
the  best  oral  and  written  examination  in  theoretical  and  practical 
agriculture. 


Hills  Botanical  Prizes. 

For  the  best  herbarium  collected  by  a member  of  the  class  of 
1889  a prize  of  fifteen  dollars  is  offered,  and  for  the  second  best 
a prize  of  ten  dollars  ; also  a prize  of  five  dollars  for  the  best  col- 
lection of  woods,  and  a prize  of  five  dollars  for  the  best  collection 
of  dried  plants  from  the  college  farm. 

The  prizes  in  June,  1888,  were  awarded  as  follows  : — 

Kendall  Rhetorical  Prizes.  — Fred  W.  Mossman  (1890),  1st; 
David  Barry  (1890),  2d;  George  E.  Richards  (1891),  1st;  Harry 
T.  Sanderson  (1891),  2d. 

Grinnell  Agricultural  Prizes.  — Robert  B.  Moore  (1888),  1st; 
Yataro  Mishima  (1888),  2d. 

Hills  Botanical  Pi'izes.  — William  M.  Shepardson  (1888),  1st; 
Lorenzo  F.  Kinney  (1888),  2d. 

Best  Collection  of  Plants  from  College  Farm.  — Lorenzo  F. 
Kinney  (1888). 

Collection  of  Native  Woods.  — Lorenzo  F.  Kinney  (1888). 

Clark  Prize. — Charles  S.  Crocker  (1889);  Willard  W.  Gay 
(1891). 


RELIGIOUS  SERVICES. 

Students  are  required  to  attend  prayers  every  week-day  at  8.15 
a.m.,  and  public  worship  in  the  chapel  every  Sunday  at  10.30 
a.m.,  unless,  by  request  of  their  parents,  arrangements  are  made 
to  attend  divine  service  elsewhere.  Further  opportunities  for 
moral  and  religious  culture  are  afforded  by  a Bible  class  taught  at 
the  close  of  the  Sunday  morning  service,  and  by  religious  meet- 
ings held  on  Sunday  afternoon  and  during  the  week,  under  the 
auspices  of  the  Young  Men’s  Christian  Union. 
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LOCATION. 

Amherst  is  on  the  New  London  Northern  Railroad,  connecting 
at  Palmer  with  the  Boston  and  Albany  Railroad,  and  at  Miller’s 
Falls  with  the  Fitchburg  Railroad.  It  is  also  on  the  Central 
Massachusetts  Railroad,  connecting  at  Northampton  with  the 
Connecticut  River  Railroad  and  with  the  New  Haven  and  North- 
ampton Railroad. 

The  college  buildings  are  on  a healthful  site,  commanding  one 
of  the  finest  views  in  New  England.  The  large  farm  of  three 
hundred  and  eighty-three  acres,  with  its  varied  surface  and  native 
forests,  gives  the  student  the  freedom  and  the  quiet  of  a country 
home. 


APPENDIX. 
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TUBERCULOSIS. 


By  CHARLES  H.  FERNALD. 


This  disease  has  been  known  by  various  names,  as  consumption, 
pulmonary  consumption,  tuberculous  consumption,  consumption  of 
the  bowels,  phthisis,  pulmonary  phthisis,  tuberculous  phthisis,  pul- 
monary ulceration,  pining,  wasting  of  the  lungs,  pearl  disease, 
perlsucht,  nymphomania,  satyriasis,  knots,  kernels,  grapes,  angle- 
berries,  human  tuberculosis,  bovine  tuberculosis,  tubercle,  miliary 
tubercle,  tubercular  disease  and  tuberculosis. 

The  last  name  is  more  widely  used  at  the  present  time  than  any 
of  the  others,  and  it  is  adopted  in  this  paper  for  a general  term  ; but 
I make  use  of  the  name  human  tuberculosis  for  the  disease  in  man, 
and  bovine  tuberculosis  for  the  disease  in  other  animals. 

Tuberculosis  has  been  observed  to  attack  nearly  every  organ  in 
the  body,  but  the  lungs  and  lymphatic  glands  appear  to  be  particu- 
larly subject  to  it. 

The  tubercles  in  the  lungs  at  first  are  small,  semi-transparent, 
grayish  or  colorless  grains,  varying  from  one-sixteenth  to  one-half 
an  inch  in  diameter.  These  gradually  increase  in  size  and  become 
yellowish  or  opaque.  Several  unite  and  form  larger  masses  of  a 
pale  yellow  color  and  of  a cheesy  consistency,  which  finally  soften 
and  liquefy.  These  masses,  often  as  large  as  a grape  and  some- 
times even  much  larger,  are  more  or  less  globular,  and  may  fill  the 
entire  diseased  portion  of  the  lung,  and  exhibit  a series  of  hemi- 
spherical elevations  over  the  surface. 

The  lining  membranes  of  the  thorax  and  abdomen,  and  also  the 
membranes  covering  the  brain  and  spinal  cord,  are  subject  to  tuber- 
cular growths  which  appear  like  the  pile  on  velvet,  or  wart-like 
growths  over  the  surface. 

Not  unfrequently  joints  become  diseased,  and,  when  opened,  dis- 
charge a pale  yellow  granular  matter.  I recently  examined  a cow 
that  had  died  with  tuberculosis,  and,  besides  the  characteristic 
tubercles  in  the  lungs,  the  caul  was  so  thoroughly  affected  as  to  be 
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one  mass  of  putrefaction.  The  same  animal  had  the  fetlock  joint 
on  one  hind  leg  badly  affected  with  tuberculous  matter,  and  there 
were  also  a few  tubercles  in  the  liver. 


Animals  attacked  by  Tuberculosis. 

Man.  — Tuberculosis  is  very  prevalent  in  the  human  family,  and 
was  estimated  by  Dr.  Robert  Koch  of  Berlin  to  be  the  cause  of  one- 
seventh  of  all  the  deaths  of  the  human  race,  while  fully  one-third 
of  those  who  die  in  middle  age  are  carried  off  by  the  same  disease. 

Dr.  Edward  Hitchcock  of  Amherst  College  informs  me  that  there 
were  38,049  deaths  reported  in  the  State  of  Massachusetts  for  the 
year  1885,  and  5,955  of  these  were  reported  as  caused  by  consump- 
tion. This  is  a larger  proportion  than  that  given  by  Dr.  Koch,  but 
it  is  probably  only  an  average  percentage  for  people  living  under 
the  weakening  influences  of  our  modern  civilization. 

Travellers  tell  us  that  consumption  is  entirely  unknown  among 
many  of  the  savage  tribes.  This  may  be  due  to  their  life  in  the 
open  air  and  freedom  from  the  conventionalities  of  dress,  or  to 
the  fact  that  the  disease  has  never  been  carried  to  them  so  as  to 
gain  a foothold. 

Ox.  — The  bovine  race  shows  a strong  tendency  to  tuberculosis, 
especially  in  confinement,  but  far  less  when  at  large. 

Swine.  — These  animals  are  without  doubt  very  susceptible  to 
the  disease,  notwithstanding  the  opinion  so  frequently  expressed  to 
the  contrary.  The  number  of  cases  on  record,  and  the  circum- 
stances surrounding  them,  place  the  matter  beyond  all  doubt. 

Horse.  — This  animal  appears  to  possess  an  almost  absolute 
immunity  from  tuberculosis,  and  many  believe  that  it  never  has  the 
disease  ; but  there  are  several  cases  on  record.  Gerlach  states  that 
he  had  known  of  four  cases.  Tuberculosis  in  the  horse  was 
reported  by  Gotti  in  the  “Journal  of  Anatomy”  of  Pisa  for  1872, 
and  also  by  Bruckmuller  and  others.  Some  doubt,  however,  has 
been  expressed  about  these  cases,  and  many  think  they  were  only 
cases  of  chronic  glanders. 

Dr.  J.  McFadyean  reported  two  cases  in  the  “Journal  of  Com- 
parative Pathology  and  Therapeutics”  for  March,  1888,  in  which 
the  lungs,  spleen  and  other  organs  contained  a large  number  of 
tubercles  characteristic  of  this  disease,  and  stained  sections  of  the 
diseased  organs  revealed  enormous  numbers  of  the  bacilli  of  tuber- 
culosis. This,  of  course,  settles  the  question,  and  we  can  no 
longer  doubt  that  the  horse  may  have  this  disease. 

Sheep. — The  existence  of  tuberculosis  in  sheep  is  not  yet  well 
established.  The  descriptions  thus  far  published  by  observers  are 
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of  such  a nature  as  to  leave  doubt  whether  they  really  had  cases 
of  tuberculosis,  or  some  other  disease.  Villemin,  Roll  and  others 
did  not  succeed  in  producing  the  disease  in  sheep  by  inoculation, 
while  Colin  and  Ziirn  state  that  the  majority  of  their  experiments 
in  this  direction  failed,  though  they  succeeded  in  a very  few  cases. 

Goat.  — Tuberculosis  has  been  found  in  this  animal  in  a few 
instances. 

Hens.  — Dr.  Ribbert  of  Bonn  states  that  tuberculosis  sometimes 
attacks  hens,  and  may  even  become  epidemic  in  a flock.  He  found 
the  bacilli  of  tuberculosis  in  abundance  in  the  walls  of  the  intes- 
tines, and  also  in  the  spleen  and  liver. 

Mr.  Sutton  of  the  London  Zoological  Garden,  who  made  an 
examination  of  more  than  a thousand  birds  of  various  species, 
informs  us  that  those  most  commonly  affected  by  this  disease  are 
the  granivorous  birds,  and  those  which  feed  on  fruit.  Those  most 
liable  to  the  disease  are  the  hen,  peacock,  grouse,  guinea-fowl, 
pigeon  and  partridge. 

Rabbits  and  guinea-pigs  are  very  susceptible  to  the  disease, 
probably  nearly  as  much  so  as  the  bovine  race.  Other  animals  in 
which  tuberculosis  has  been  found  are  cats,  dogs,  mice,  rats  ; also 
caged  lions,  monkeys,  kangaroos,  deer  and  gazelles  in  a zoological 
garden,  and  a rhinoceros  in  Barnum’s  Museum.  According  to 
Satterthwaite,  frogs  are  subject  to  miliary  tuberculosis ; but  this 
seems  almost  incredible. 

History  of  Tuberculosis. 

This  disease,  under  one  name  or  another,  has  been  known  from 
the  earliest  times.  According  to  ancient  authors  on  medicine,  — as 
Hippocrates,  400  B.C.,  Aristotle,  330  B.C.,  Galen,  180  A.D., 
and  others,  — it  consisted  of  abscesses  or  ulcers  in  the  lungs.  The 
term  “tubercle,”  as  meaning  a solid  node,  is  first  met  with  in 
the  works  of  those  who  paid  especial  attention  to  the  anatomy  of 
the  human  body.  Silvius,  in  1695,  first  advanced  the  idea  that 
phthisis  sometimes  resulted  from  larger  or  smaller  nodes,  which 
finally  led  to  abscesses  and  the  formation  of  cavities  in  the  lungs. 
Manget,  in  1700,  stated  that,  in  the  dissection  of  a person  who 
had  died  of  phthisis,  he  discovered  small  nodes  of  the  size  of  a 
millet  seed  in  the  lungs,  liver,  spleen  and  kidneys.  These  small 
bodies  are  now  called  miliary  tubercles,  wherever  found.  He 
also  described  the  cheesy  structure  of  these  nodes,  but  supposed 
them  to  be  minute  lymphatic  glands.  Other  writers  of  that  date 
held  similar  views. 

Stark,  in  1785,  gave  a very  complete  description  of  the  miliary 
tubercles  ; and  Reid,  in  the  same  year,  advanced  the  idea  that  they 
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were  not  enlarged  lymphatic  glands,  but  independent  formations 
in  the  substance  of  the  lungs.  He  denied  that  there  were  any 
lymphatic  glands  in  the  substance  (parenchyma)  of  the  lungs ; 
but  his  contemporaries  did  not  agree  with  him,  but  held  to  the 
opinion  that  the  tubercles  in  the  lungs  were  glands,  — viz.,  scrof- 
ulae,  that  owed  their  existence  to  the  influence  of  a so-called 
scrofulous  acid  that  had  been  secreted  by  pre-existing  lymphatic 
glands  in  the  lungs.  Baillie,  in  1794,  opposed  the  idea  that 
scrofulous  nodes  were  of  the  same  character  as  tuberculosis,  and 
claimed  that  the  large  nodes  in  the  lungs  were  caused  by  the  union 
of  two  or  more  of  the  smaller  ones  (miliary  tubercles) . 

At  the  beginning  of  the  present  century,  Bayle  gave  an  exact 
description  of  the  miliary  tubercles  and  all  the  phases  of  their 
development,  as  well  as  the  part  they  play  in  forming  larger 
tubercles.  He  also  recognized  the  relation  existing  between  the 
tubercles  in  the  different  organs  of  the  body,  and  considered 
tuberculosis  to  be  a general  disease,  whose  origin  was  a tubercu- 
lous tendency.  Laennec  adopted  the  same  view  in  his  work  on 
the  diseases  of  the  heart  and  lungs,  published  in  1818.  He  de- 
scribed the  development  of  tuberculosis  very  clearly  and  accu- 
rately, but  classed  every  cheesy  deposit,  wherever  found,  as 
tuberculous,  making  cheesy  degeneration  the  principal  character- 
istic of  tuberculosis,  — a theory  which  was  accepted  by  many  of 
his  contemporaries. 

Virchow  has  done  much  towards  bringing  order  out  of  this  chaos 
of  ideas.  He  proved  that  cheesj7  deposits  were  not  characteristic 
of  tuberculosis  alone,  but  that  they  might  occur  in  all  possible 
formations  of  an  inflammatory  nature,  under  certain  conditions  of 
nutrition.  He  thus  separated  from  the  genuine  tuberculous  forma- 
tions all  those  cheesy  deposits  that  appear  under  certain  inflamma- 
tory conditions,  as  the  scrofulous  tumors  of  the  lymphatic  glands, 
in  caseous  pneumonia  or  even  in  tumors  of  different  kinds. 

Virchow  believed  in  the  infectious  property  of  tuberculosis.  He 
claimed  that  the  infectious  element  was  dispersed  over  the  organ- 
ism either  by  means  of  the  blood-vessels,  or  by  the  extension  of 
the  disease  by  the  development  of  new  tubercles  in  the  immediate 
vicinity  of  older  ones,  the  latter  infecting  the  tissues  in  their  im- 
mediate vicinity. 

In  1857,  Buhl  advanced  a new  theory  of  tuberculosis,  which  had 
many  of  the  most  competent  observers  among  its  advocates.  Ac- 
cording to  this  theory,  tuberculosis  is  a specific  infectious  disease, 
caused  by  a particular  poison  called  “ tubercular  virus,”  which  is 
formed  in  cheesy  matter  of  every  description.  If  this  virus  be 
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absorbed  into  the  blood,  it  can  generate  miliary  tubercles  in  all 
predisposed  organs. 

Previous  to  this  time,  various  experiments  had  been  made  by 
introducing  tuberculous  matter  into  the  lower  animals,  for  the  pur- 
pose of  determining  whether  they  could  be  infected  with  the  dis- 
ease ; and  these  experiments  proved  so  successful,  that,  in  1864, 
Villemin  expressed  the  belief  that  tuberculosis  is  a specific 
infectious  disease,  independent  of  other  internal  and  external 
circumstances,  and  can  only  be  caused  by  the  introduction  of 
tuberculous  matter  into  the  body ; and  that  it  can  be  transferred 
from  animal  to  animal,  or  from  man  to  animal,  by  vaccination.  It 
is  seldom  that  so  startling  an  assertion  has  given  greater  impulse 
to  scientific  labors  in  the  field  of  experimental  pathology  than  this 
doctrine  of  Villemin.  The  most  prominent  men  of  science  exerted 
their  utmost  powers  to  prove  or  disprove  the  new  doctrine.  The 
experiments  made  with  tuberculous  matter  for  the  purpose  of 
infecting  other  animals  were  by  inoculation,  inhalation  or  by 
feeding. 

Innumerable  experiments  of  almost  every  form  and  variety  were 
made  by  inoculation.  Tuberculous  material  from  men  and  the 
lower  animals  was  introduced  under  the  skin,  into  the  abdom- 
inal cavity,  the  larger  blood-vessels,  the  anterior  chamber  of  the 
eye,  and  even  into  the  lungs  themselves. 

Toussaint  concluded  from  the  experiments  which  he  made  that 
no  disease  is  more  infectious  than  tuberculosis,  and  that  all  the 
fluids  of  the  body  — the  blood,  nasal  secretion,  saliva,  the  juices  of 
the  tissues,  the  urine,  and  even  the  lymph  from  the  vesicles  of  the 
inoculated  variola  (vaccine  matter)  — are  able  to  convey  the  infec- 
tious material  of  tuberculosis.  These  experiments  were  made  upon 
cows,  calves,  goats,  swine,  rabbits  and  dogs,  and  almost  invariably 
led  to  the  development  of  miliary  tuberculosis. 

Ziirn,  in  1871,  observed  micrococci  in  the  blood  of  a cow  that 
had  died  of  tuberculosis,  and  Chauveau  made  similar  observations 
in  the  following  year ; and  the  opinion  prevailed  to  some  extent 
that  the  micrococcus  was  the  real  cause  of  this  disease. 

On  the  24th  of  March,  1882,  Dr.  Koch  read  a paper  before  the 
Physiological  Society  of  Berlin,  which  was  as  remarkable  as  it  was 
unexpected.  It  was  his  aim  to  determine  the  precise  character  of 
the  contagious  matter  which  previous  experiments  had  proved  to 
be  capable  of  indefinite  transfer  and  reproduction.  He  examined 
the  diseased  organs  of  man  and  the  lower  animals  microscopically, 
and  found  the  tubercles  infested  with  a minute  rod-like  parasite, 
which  he  called  Bacillus  tuberculosis.  These  rods  vary  from  one 
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seven-thousandth  to  one  ten-thousandth  of  an  inch  in  length,  and 
their  diameter  is  about  one-tenth  as  much.  Within  these  rod-like 
plants  more  or  less  globular  spores  are  formed,  which,  under 
favorable  circumstances,  after  the  disintegration  of  the  parent 
plant,  will  develop  into  new  plants. 

Koch  first  discovered  this  parasite  by  staining  the  thinnest  pos- 
sible slices  of  the  diseased  tissues  with  methylene  blue  in  alcohol, 
followed  by  a solution  of  vesuvin.  By  this  method  the  tissues  are 
'slightly  colored  with  brown,  while  the  bacillus  stands  out  clearly 
of  a bright  blue  color.  This  method  of  staining  has  been  improved 
upon  by  Ehrlich,  Baumgarten  and  others.  These  bacilli  were 
separated  and  cultivated  on  specially  prepared  blood  serum  for 
more  than  six  months  in  some  cases,  and  then  these  purified 
bacilli  were  inoculated  into  healthy  animals  of  various  species, 
and  in  every  case  there  was  a multiplication  of  the  parasite  and  a 
reproduction  of  the  original  disease.  Since  that  time  the  greatest 
activity  has  prevailed  in  experimentation ; and,  with  new  and 
improved  methods,  the  conclusions  of  Koch  have  been  tested  and 
verified  again  and  again,  till  the  facts  are  now  placed  beyond  all 
doubt. 


Distribution  of  Tuberculosis. 

Tuberculosis  occurs  in  cattle  wherever  they  are  kept  in  domes- 
tication, but  seems  to  be  most  prevalent  where  consumption  is 
most  common  in  the  human  family.  It  is  almost  unknown  in  Ice- 
land, and  is  very  rare  in  Polar  countries  generally,  but  increases  as 
we  approach  warm  climates.  It  appears  to  be  very  common  in 
Italy  and  Algeria ; and,  according  to  Fleming,  it  is  becoming 
more  common  in  England.  I am  not  able  to  give  any  estimate  of 
the  prevalence  of  this  disease  among  the  herds  of  Massachusetts, 
but  my  attention  has  been  called  to  it  so  frequently  during  the 
past  two  years,  that  I am  inclined  to  believe  that  the  disease  is 
more  common  than  is  generally  supposed.  On  two  occasions  I 
visited  one  of  our  large  city  meat  markets,  and  examined  the  lungs 
still  attached  to  the  livers  offered  for  sale,  and  the  superficial 
examination  which  I was  able  to  make,  led  me  to  conclude  that 
nearly  half  of  them  showed  traces  of  the  disease. 

It  seems,  from  all  we  can  learn,  that  a cold  climate  is  less 
favorable  to  the  development  and  propagation  of  tuberculosis  than 
a warm  or  tropical  one.  Veith  states  that  the  disease  does  not 
occur  in  animals  living  in  a wild  condition,  nor  even  in  those  which 
are  in  a semi-savage  state.  Spinola  confirms  this  statement,  and 
adds  that  the  affection  is  unknown  in  the  Russian  steppes,  and  is 
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rare  in  elevated  regions.  According  to  Zippelius,  tuberculosis  is 
most  frequently  developed  in  deep  and  narrow  valleys,  or  in 
densely  populated  localities.  The  disease  causes  the  greatest 
ravages  in  damp  aud  dark  dwellings,  with  imperfect  ventilation  and 
drainage. 

Is  Human  Tuberculosis  Contagious? 

A careful  research  into  the  literature  of  the  subject  shows  that 
nearly  all  the  celebrated  medical  writers  from  the  earliest  times 
believed  in  the  contagiousness  of  human  tuberculosis,  among  whom 
may  be  named  Aristotle,  Hippocrates,  Galen,  Morton,  Valsalva, 
Morgagni,  Riverius,  and  many  others  equally  noted  in  the  annals 
of  medicine. 

About  a hundred  years  ago,  however,  a reaction  set  in  against 
this  almost  universal  belief,  in  central  and  northern  Europe,  and 
also  in  America ; while  the  old  opinion  still  prevailed  in  Italy  and 
other  parts  of  Southern  Europe.  Within  a comparatively  short 
time,  however,  the  leading  physicians  of  Europe  and  America  have 
been  changing  back  to  the  old  opinion  ; and  so  many  observations 
on  this  point  have  been  published  in  the  medical  journals  during 
the  last  few  years,  that  we  are  forced  to  accept  the  view  that  the 
disease  is  really  contagious.  The  word  contagious  is  used  in  this 
paper  in  its  widest  sense,  as  synonymous  with  communicable, 
transmissible,  or  “ catching.”  I must  leave  further  discussion  of 
this  question,  and  also  whether  the  disease  is  hereditary,  to  the 
medical  profession  ; but  the  following  cases  are  of  so  great  interest 
in  this  connection  that  I venture  to  give  them. 

Eisenberg  of  Warsaw  reports  a case  where  tuberculous  infec- 
tion followed  the  Jewish  custom  of  circumcision,  and  the  appli- 
cation of  the  lips  to  the  wound  to  stop  the  bleeding.  In  this 
case  the  contagious  matter  was  transferred  from  the  lips  of  the 
operator  to  the  wound.  Several  other  similar  cases  are  on  record. 

Tascherning  reports,  in  the  “Progress  of  Medicine”  for  1885, 
the  case  of  a youug  woman  wrho  wounded  her  finger  with  the 
broken  edge  of  a vessel  containing  sputa  (the  substance  raised 
from  the  lungs  in  coughing)  rich  in  bacilli  from  a consumptive 
patient.  In  a short  time  there  was  a swelling  as  large  as  a pea 
beneath  the  skin.  Several  months  later  the  trouble  had  increased 
to  such  an  extent  that  the  finger  was  useless,  and  at  the  same  time 
the  lymphatic  glands  were  more  or  less  swollen.  The  finger  was 
amputated,  and  in  various  places  within  the  tissues  were  found 
numerous  miliary  tubercles  which  contained  the  characteristic 
Bacillus  tuberculosis. 


1889  ] PUBLIC  DOCUMENT  — No.  31. 


71 


Demet,  Paraskeva  and  Zallonis,  in  Syra,  Greece,  had  succeeded 
to  their  satisfaction  in  producing  tuberculosis  in  rabbits,  by  inocu- 
lating them  with  sputa  and  blood  from  a man  sick  with  consumption  ; 
but  they  felt  that  the  demonstration  would  be  more  complete  and 
convincing  if  they  could  operate  on  man  himself.  They  therefore 
selected  a patient  who  was  suffering  from  gangrene  in  a toe,  and 
whose  death  was  inevitable,  because  of  his  persistent  refusal  to 
allow  the  diseased  member  to  be  amputated.  An  examination 
showed  that  the  lungs  of  the  man  were  perfectly  sound  and  healthy, 
and  that  he  had  not  the  least  tendency  to  tuberculosis.  A quantity 
of  sputa  from  a consumptive  patient  was  injected  into  the  upper 
part  of  the  left  thigh.  In  three  weeks  an  examination  of  his  lungs 
gave  evidence  that  they  were  becoming  diseased,  and  at  the  death 
of  the  man,  in  thirty-eight  days,  seventeen  tubercles  were  found  in 
the  upper  lobe  of  the  right  lung,  and  two  in  the  left  lung. 

Dr.  E.  J.  Kempf  gives  an  account,  in  the  u London  Medical 
Record,”  July  15,  1884,  of  an  outbreak  of  consumption  in  a con- 
vent in  the  village  of  Ferdinand.  The  inmates  had  been  entirely 
free  from  consumption  up  to  1880,  but  lived  a very  secluded  life, 
taking  very  little  exercise.  The  convent  was  situated  on  high,  dry 
ground,  and  was  well  drained  and  ventilated.  In  fact,  the  hygienic 
conditions  were  all  that  could  be  desired.  In  the  autumn  of  1880, 
Dr.  Kempf  was  called  to  attend  one  of  the  inmates,  a girl  eighteen 
years  of  age,  on  account  of  a cough,  pain  in  the  chest,  and  a feel- 
ing of  general  indisposition.  The  girl  came  from  a family  which 
could  not  be  called  healthy,  and  from  which  a brother  of  the 
patient  had  previously  died  with  consumption.  An  examination 
of  the  girl  showed  difficult  breathing,  hacking  cough,  loss  of 
appetite,  sleepless  nights,  weary  limbs,  a daily  fever,  and  difficulty 
in  the  apices  of  both  lungs  as  if  from  tubercular  deposits.  The 
patient  was  not  isolated,  but  slept  in  the  general  dormitory  with 
the  other  inmates.  In  a short  time  one  after  another  began  to 
show  similar  symptoms ; and,  in  four  months  after  the  first  one 
was  seized  by  the  disease,  there  were  nine  cases  of  consumption 
in  the  convent,  some  of  them  among  those  who  were  formerly 
thought  to  be  exceptionally  healthy.  Four  of  the  inmates  died 
of  the  disease,  and  the  others  were  lingering  along  with  the 
chronic  form.  The  director  of  the  convent  then  took  energetic 
measures  to  isolate  the  sick  and  send  away  the  ailing,  and  the 
epidemic  was  stopped. 

Is  Bovine  Tuberculosis  Contagious? 

Veterinary  surgeons  have  for  a long  time  insisted  that  bovine 
tuberculosis  is  contagious,  and  the  veterinary  journals  are 
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teeming  with  cases  pointing  unmistakably  to  its  contagious  char- 
acter. 

The  experiments  of  Villemin,  Cohnheim,  Toussaint,  Koch,  and 
others,  leave  no  possible  doubt  of  the  contagiousness  of  the  dis- 
ease. Dr.  Koch  inoculated  the  tuberculous  matter  from  diseased 
animals  into  healthy  ones,  and  reproduced  the  disease  in  every 
case. 

To  prove  that  it  was  the  parasite  itself  that  caused  the  disease, 
and  not  some  virus  in  which  it  was  imbedded  in  the  diseased  tis- 
sue, Koch  cultivated  his  bacilli  artificially  for  a long  time,  and 
through  many  successive  generations,  by  a very  ingenious  and 
novel  method.  Before  this  time  bacteria  had  been  cultivated  on 
slices  of  potato,  beet,  etc.,  or  in  liquid  substances,  as  beef  tea.  It 
is  a well-known  fact,  as  stated  by  Tyndall,  that  there  are  many 
species  of  bacteria,  differing  from  one  another  in  the  effects  which 
they  produce  in  the  medium  in  which  they  are  cultivated.  Like 
other  plants,  they  11  exhaust  the  soil,”  as  it  were.  It  is  also 
known  that  bacteria  are  so  universally  distributed  that  the  exam- 
ination of  any  natural  medium  attacked  by  them  is  almost  sure  to 
yield  evidence  of  the  presence  of  more  than  one  species,  the  vari- 
ous species  being  grouped  together  in  inextricable  confusion.  On 
this  recount,  it  has  been  extremely  difficult  to  determine  what  ef- 
fects are  due  to  one  species  of  bacterium  and  what  to  another. 
It  has  often  been  impossible  to  determine,  in  such  a mixture  of 
forms,  one  species  from  another. 

Dr.  Koch  cultivated  the  bacillus  of  tuberculosis  on  a thin  layer 
of  blood  serum,  spread  on  a glass  microscope  slide.  This  blood 
serum  was  prepared  by  allowing  fresh  blood  to  remain  in  a vessel 
until  it  had  clotted,  and  the  clot  had  separated  from  the  serum. 
This  serum  was  then  put  into  test-tubes  and  closed  with  a plug  of 
cotton,  to  exclude  all  germs  floating  in  the  air.  It  was  then  ex- 
posed to  a temperature  of  136.4°  F.  one  hour  daily,  for  a period 
of  six  days.  This  method  insured  the  destruction  of  all  living 
germs  in  the  serum,  without  coagulating  the  albumen.  Finally 
the  blood  serum  was  subjected  to  a temperature  of  149°  F.  for 
several  hours,  which  gave  a solid,  transparent  jelly,  upon  which 
Koch  made  his  cultures.  This  was  protected  from  every  possible 
source  of  contamination,  and  kept  at  the  proper  degree  of  temper- 
ature and  moisture.  It  was  then  inoculated  by  dipping  the  point 
of  a needle  into  the  diseased  tissue  of  the  lung,  and  drawing  it 
across  the  surface  of  the  blood  serum,  making  a long,  shallow 
streak.  The  bacilli  which  adhered  to  the  point  of  the  needle 
were  in  this  way  dropped  at  intervals  along  the  streak,  but  in  such 
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a way  that  the  subsequent  growth  of  each  one  could  be  seen  under 
the  microscope. 

When  these  grew  and  multiplied,  the  point  of  the  needle  was 
touched  to  them,  and  the  adhering  bacilli  were  transferred  to  an- 
other layer  of  blood  serum  for  a new  generation.  Each  bacillus 
grew  and  multiplied  at  the  point  where  it  left  the  needle,  produc- 
ing around  it  a little  spherical  nest  of  its  own  kind. 

By  this  method  Koch  and  his  assistants  were  able  to  obtain  gen- 
eration after  generation,  without  the  intervention  of  disease.  At 
the  end  of  the  process,  which  sometimes  embraced  successive  cul- 
tivations continued  for  six  months  or  more,  the  purified  bacilli 
were  introduced  into  the  circulation  of  healthy  animals  of  different 
species,  and  in  every  instance  was  followed  by  the  reproduction  of 
the  disease  ; while  other  animals,  kept  under  precisely  the  same 
conditions,  except  that  they  did  not  receive  the  tubercle  bacilli, 
remained  perfectly  healthy. 

Koch  has  shown,  in  his  experiments,  that  this  parasite  requires 
for  its  development  a temperature  between  86°  and  104°  F.,  and  a 
period  of  two  weeks,  so  that  it  is  only  within  the  animal  organism 
that  suitable  conditions  occur  ; yet,  as  has  been  shown  by  numerous 
observers,  these  plants  or  their  spores  retain  their  vitality,  outside 
of  a body,  for  a long  time. 

Galtier  made  a series  of  experiments  on  the  resisting  power  of 
this  parasite,  and  demonstrated  that  it  retained  its  activity  after 
being  subjected  to  temperatures  ranging  from  18°  below  freezing 
up  to  108°  F.  ; that  it  also  resisted  the  action  of  water  and  the 
desiccating  process,  as  well  as  strong  pickle, — so  that  the  use  of 
corned  or  salted  beef  from  animals  affected  by  tuberculosis  is 
dangerous. 

Lydtin  states  very  positively  that  the  virus  may  be  taken  into 
the  lungs  through  the  inspired  air,  or  into  the  digestive  system 
with  the  food  or  water,  or  in  copulation.  If  this  statement  be 
true,  — and  there  appears  to  be  abundant  proof  of  it,  — a single 
infected  animal  brought  into  a herd  of  cattle  may  communicate  the 
disease  to  every  animal  in  the  herd.  Infection  by  the  generative 
organs  has  been  doubted ; but  Zippelius  and  others  state,  however, 
that  they  have  observed  instances  in  which  the  infection  could  not 
have  occurred  by  any  other  means.  Bollinger  produced  tubercu- 
losis in  pigs,  by  feeding  them  for  a long  time  on  milk  from  tuber- 
culous cows. 

A large  percentage  of  the  animals  suffering  with  tuberculosis 
are  most  seriously  affected  in  the  lungs,  and  it  seems  probable 
that  these  were  infected  by  the  bacilli  which  gained  access  with  the 
inspired  air. 
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In  the  winter  of  1885-86  an  outbreak  of  tuberculosis  occurred  in 
the  herd  of  fifty-one  animals  on  the  State  College  farm  at  Orono, 
Maine.  There  had  been  an  occasional  case  in  the  herd  for  eight 
or  ten  years  previous  to  that  time,  but  it  was  not  then  known  to 
be  tuberculosis.  Late  in  the  autumn  of  1885  a cow  was  attacked 
with  a husky  cough,  which  increased  in  severity ; and,  becoming 
much  emaciated,  she  was  killed  about  the  last  of  January,  when 
her  lungs  were  found  to  be  badly  diseased.  About  the  same  time 
three  others  were  “ affected  with  a slight  husky  cough,  and,  by  the 
end  of  February,  most  of  the  animals  in  the  herd  commenced 
coughing  almost  simultaneously.”  In  fact,  the  disease  had  become 
epidemic  in  the  herd,  and  an  examination  made  by  Drs.  Michener 
and  Bailey  revealed  the  fact  that  nearly  all  the  animals  in  the  herd 
were  more  or  less  affected  with  tuberculosis.  By  order  of  the 
cattle  commissioners  the  entire  herd  was  then  slaughtered  and 
buried. 

Such  epidemics  are  apparently  uncommon,  and  it  is  impossible 
to  say  what  caused  the  sudden  and  general  outbreak  at  that  time. 
The  feeding,  as  reported  by  Dr.  Michener,  was  judicious  in  every 
sense,  and  the  hay  and  grain  of  the  best  quality.  The  history  of 
this  outbreak,  from  the  time  when  the  disease  first  appeared  until 
the  animals  were  slaughtered,  proves  conclusively  that  tuberculosis 
is  both  contagious  and  hereditary.  The  animals  were  watered 
from  a tub  into  which  the  water  was  pumped  from  a cistern  in  the 
cellar  of  the  barn,  and  any  discharges  from  the  lungs  of  an  infected 
animal  could  very  easily  have  fallen  into  the  water,  and  been  taken 
up  by  the  others  drinking  from  the  tub.  It  is  quite  certain,  how- 
ever, that  many  of  these  animals  received  the  disease  by  inheri- 
tance, while  others  probably  inhaled  it.  It  is  a noteworthy  fact 
that  four  horses  were  kept  in  the  barn  with  some  of  the  worst 
cases,  and  did  not  take  the  disease,  which  simply  indicates  that 
the  horse  is  much  less  susceptible  to  it  than  the  bovine  race. 

Is  Human  Tuberculosis  Communicable  to  Lower  Animals? 

The  experiments  of  Villemin,  Chauveau,  Klebs,  Orth,  Koch  and 
others,  prove  beyond  all  doubt  that  if  the  sputa  of  consumptive 
persons  be  injected  into  the  tissues  of  our  domestic  animals,  it  is 
sure  to  induce  tuberculosis  in  them  ; and  if  they  be  confined  in  an 
atmosphere  more  or  less  saturated  with  such  sputa  in  water,  they 
may  also  take  the  disease  ; or,  if  fed  on  the  diseased  tissues  of  the 
lungs,  the  same  result  follows. 

Dr.  E.  G.  Janewav  reports  a case,  in  the  “ Archives  of  Medi- 
cine,” of  a consumptive  young  man  who  allowed  his  pet  dog  to 
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sleep  with  him  nights,  nestling  in  his  arms.  The  dog  became 
affected  with  a cough,  and  died.  Another  dog  shared  the  same 
fate ; and  a third  began  to  cough,  when  its  owner  died,  and  the 
dog  subsequently  recovered. 

Several  cases  are  on  record  of  cats  and  hens  eating  the  sputa  of 
consumptive  patients,  and  thus  taking  the  disease. 

Dr.  E.  De  Renzi  found  that  the  blood  of  tuberculous  patients, 
injected  into  the  tissues  of  rabbits,  would  produce  the  disease, 
though  not  as  certainly  as  the  sputa.  This  seems  to  indicate  that 
the  bacilli  are  in  the  blood,  but  not  so  numerous  as  in  the  sputa. 

Koch  made  experiments  on  guinea-pigs  with  tuberculous  sputa 
which  had  been  kept  dry  for  two  weeks,  for  four  weeks,  and  for 
eight  weeks  ; and  in  each  case  it  was  found  to  have  retained  its 
full  virulence,  and  induced  the  disease  as  certainly  as  fresh  sputa. 
It  is  therefore  safe  to  assume  that  the  sputa  of  consumptive  per- 
sons, even  when  dried  on  linen,  or  distributed  in  the  dust  of  a 
room,  or  in  a barn,  may  prove  a source  of  infection  to  both  man 
and  beast. 

Is  Bovine  Tuberculosis  Communicable  to  Man? 

From  the  nature  of  the  case,  we  cannot  expect  direct  experi- 
ments to  be  made  on  man  with  tuberculous  matter  from  other 
animals ; but  so  many  cases  are  on  record  which  seem  to  prove 
that  human  beings  are  frequently  infected  with  tuberculosis 
through  the  milk  or  flesh  of  cows,  that  it  seems  like  madness  to 
disregard  them.  It  is  more  than  probable,  that,  when  children 
are  fed  with  milk  from  tuberculous  cows,  serious  intestinal  dis- 
turbances or  even  tubercular  meningitis  may  occur. 

Dr.  Anderson  of  Seeland  reported  a case  of  a calf  which 
received  tuberculosis  from  the  milk  of  a cow  with  the  disease  in 
the  udder.  The  wife  of  the  owner,  wrho  had  previously  been  con- 
sidered healthy,  soon  developed  a cough,  with  the  other  symptoms 
of  the  disease.  Her  child,  born  before  the  appearance  of  the  dis- 
ease, was  fed  with  milk  from  a tuberculous  cow,  and  died  with  the 
disease  within  six  months.  Dr.  Anderson  believed  that  both  the 
mother  and  child  contracted  the  disease  from  the  cow’s  milk. 

Dr.  Bang,  in  a paper  before  the  Medical  Congress  at  Copen- 
hagen, in  1884,  said  that  the  clanger  of  transmission  of  tuberculosis 
from  the  lower  animals  to  man  lies  chiefly  in  the  use  of  milk  from 
diseased  cows,  because  it  is  largely  used  in  an  uncooked  condition. 
In  one  case  which  he  examined,  he  estimated  that  the  bacilli  of 
tuberculosis  were  so  abundant,  that,  in  drinking  a glass  of  such 
milk,  a person  would  introduce  into  his  system  millions  of  these 
disease-producing  germs. 
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Dr.  Nocard  read  a paper  on  the  “ Danger  of  Tuberculous  Meat 
and  Milk,”  before  the  Medical  Congress  held  in  Paris  in  July, 
1888,  in  which  he  said,  that,  u so  far  as  milk  is  concerned,  every- 
body agrees.  The  milk  is  not  virulent  except  when  the  mammary 
gland  is  tuberculous  ; but  the  diagnosis  of  this  localization  is  diffi- 
cult, and  often  impossible,  and  one  must  treat  all  tuberculous  cows 
as  if  the  gland  was  always  invaded.” 

Professor  Walley  stated,  at  a recent  meeting  of  the  British 
Medical  Association,  that,  if  there  was  no  direct  evidence  of  the 
transmission  of  tuberculosis  from  animals  to  man,  there  was  a 
vast  amount  of  indirect  evidence.  He  said  he  had  not  the  slightest 
hesitation  in  saying  that  it  was  communicable  from  animals  to  man, 
and  back  again  from  man  to  animals,  in  every  possible  shape  and 
form.  He  also  expressed  the  opinion  that  it  might  be  transmitted 
from  tuberculous  hens,  through  their  eggs. 

Are  Human  and  Bovine  Tuberculosis  Identical? 

The  numerous  experiments  which  have  been  performed  thus  far 
prove  that  when  lower  animals  are  inoculated  with  the  tuberculous 
products  of  man,  the  results  are  precisely  the  same  as  when  the 
products  of  other  animals  are  used,  and  stained  sections  of  the 
diseased  parts  exhibit  the  same  bacilli  in  each  case. 

Dr.  Bizzozzera  read  a paper  before  the  International  Congress 
held  in  Turin,  in  which  he  gave  it  as  his  opinion  that  human  and 
bovine  tuberculosis  are  identical,  because  they  have  the  closest 
anatomical  affinity;  and  Dr.  Johne  states  that  nearly  all  the 
authorities  admit  the  identity  in  construction  of  the  tubercles  in 
man  and  the  lower  animals. 

Is  Bovine  Tuberculosis  Hereditary? 

From  the  earliest  times  many  have  believed  that  bovine  tuber- 
culosis is  hereditary,  while  others  have  strongly  doubted  it.  It 
has  been  repeatedly  observed  that  calves  and  pigs  born  of  tuber- 
culous parents  became  affected  sooner  or  later  with  the  disease ; 
and  many  cases  have  been  reported  of  persons  suffering  heavy 
losses  because  of  employing  tuberculous  animals  for  breeding  pur- 
poses, and  finally  getting  rid  of  the  scourge  by  disposing  of  all 
their  infected  animals,  and  obtaining  others  which  were  free  from 
all  suspicion  of  taint. 

In  the  outbreak  of  tuberculosis  in  the  herd  on  the  State  College 
farm  in  Maine,  already  referred  to,  there  were  calves  slaughtered 
which  were  scarcely  a month  old,  but  which  were  plainly  affected 
with  the  disease. 
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Zippelius,  in  1876,  published  a remarkable  case,  proving  the 
transmission  of  the  disease  by  the  male.  He  states  that  a stock- 
breeder, whose  herd  had  shown  no  signs  of  tuberculosis  for  more 
than  twelve  years,  purchased  a bull  that  proved  to  be  affected 
with  this  disease,  and  was  therefore  killed ; and  all  the  animals 
sired  by  this  bull  had  to  be  slaughtered  when  they  reached  adult 
age,  because  of  tuberculosis  which  developed  in  them  at  that 
period. 

The  writings  of  Chauveau,  Esser,  Semmer  and  many  others,  give 
numerous  cases  illustrating  the  heredity  of  this  disease. 

Dr.  Johne  of  the  Dresden  Veterinary  School  found  an  eight- 
months  foetus,  taken  from  a tuberculous  cow,  to  be  affected  with  the 
disease.  The  placenta  and  uterus  showed  no  visible  signs  of  the 
disease,  but  in  the  lower  lobe  of  the  right  lung  a tubercle  as  large 
as  a pea  was  detected,  containing  the  characteristics  of  the  disease. 
The  bronchial  glands  and  also  the  liver  were  affected,  and  micro- 
scopical examinations  revealed  the  tuberculous  bacilli.  This  case 
puts  the  question  of  inheritance  beyond  all  doubt. 

It  is  a notable  fact  that  tuberculous  cows  are  very  liable  to 
abortion ; and  it  is  quite  probable  that,  in  such  cases,  the  foetus  is 
attacked  and  killed  by  the  disease,  and  the  abortion  is  the  conse- 
quence. 

An  opinion  prevails  very  generally,  that  animals  descending  from 
tuberculous  parents  inherit  a special  predisposition  to  the  disease. 
A similar  opinion  is  entertained  by  many  of  the  medical  profes- 
sion ; but  the  celebrated  Professor  Cohnheim,  in  his  work  on  tuber- 
culosis, published  in  Berlin  in  1880,  denies  that  man  is  ever  born 
with  a predisposition  to  tuberculosis,  any  more  than  to  other  con- 
tagious diseases,  such  as  syphilis,  small-pox,  or  yellow  fever.  He 
claims  that  the  ‘ 1 hectic  state  ” is  one  of  the  symptoms  of  the  indi- 
vidual already  diseased,  and  not  that  of  one  who  “ may  be.”  The 
hereditary  transmission  of  tuberculosis  is  nothing  more  than 
the  infection  of  the  ovum  or  foetus  through  the  medium  of  one 
or  both  of  the  parents.  The  germs  of  the  disease  (spores  of 
Bacillus  tuberculosis ) may  be  received  into  the  ovum  from  the 
mother,  or  through  the  spermatozoids  from  the  father ; and  these 
germs  may  cause  the  disease  in  the  young,  or  it  may  fail  to  appear 
till  the  second  generation.  It  seems  to  require  some  peculiar 
physical  condition,  not  well  understood,  to  cause  these  germs, 
which  may  have  lain  dormant  through  an  entire  generation,  to 
germinate  finally  and  produce  the  disease. 
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What  are  the  Symptoms  of  Bovine  Tuberculosis? 

It  is  exceedingly  difficult,  if  not  impossible,  in  many  instances, 
to  recognize  bovine  tuberculosis  in  its  earliest  stages,  especially 
when  the  disease  is  located  in  other  organs  than  the  lungs.  When, 
however,  the  lungs  are  diseased,  or  the  malady  is  somewhat 
advanced,  it  is  not  so  difficult  a matter.  The  safest  way  for  our 
farmers  is  to  accept  the  contagious  and  hereditary  character  of  the 
disease,  and  weed  out  from  a herd  every  suspected  animal ; bearing 
in  mind  that  the  owner  himself  and  his  family  are  in  the  greatest 
danger  of  becoming  contaminated  with  this  terrible  disease. 

The  best  series  of  symptoms  that  I have  anywhere  seen  are 
given  in  the  “ Swiss  Archives  of  Veterinary  Medicine,”  published 
in  Zurich,  which,  translated  into  as  simple  language  as  is  consistent 
with  accuracy,  are  as  follows  : — 

Tuberculous  animals  very  often  have  a short,  interrupted  and 
dry  cough,  which  is  most  apparent  in  the  morning,  at  the  time  of 
feeding,  and  sometimes  after  active  exertion.  At  the  commence- 
ment of  the  disease  the  animals  are  often  in  good  condition,  and, 
with  good  care  and  feeding,  they  may  even  gain  during  the  earlier 
stages  of  the  disease.  As  it  progresses,  however,  the  animals  grow 
poor ; the  hair  becomes  dull,  erect  and  matted,  losing  its  healthy 
appearance ; the  skin  becomes  tender,  and  appears  very  pale  over 
the  udder  and  other  parts  not  covered  with  hair.  The  eyes  are 
dull  and  sunken  in  their  orbits,  because  of  the  wasting  away  of  the 
fatty  cushions  upon  which  they  rest.  The  cough  grows  more 
frequent,  but  is  seldom  accompanied  by  any  nasal  discharge.  The 
animal  becomes  more  and  more  emaciated,  notwithstanding  the  fact 
that  the  appetite  may  be  good,  and  the  food  of  the  best  quality 
and  supplied  in  abundance.  As  these  changes  go  on,  the  quantity 
of  milk  diminishes  in  milch  cows,  and  the  animal  has  a general  un- 
healthy appearance. 

There  is  sometimes  an  unusual  sensitiveness  and  flinching  ex- 
hibited when  the  sides  of  the  chest  or  the  breast  are  pressed,  and 
this  sensitiveness  is  sometimes  present  from  the  very  commence- 
ment of  the  disease  ; and,  in  the  more  advanced  stages,  the  animal 
tries  to  avoid  the  pressure,  or  indicates  the  suffering  it  causes  by 
groans.  The  disease  may  nevertheless  be  present  without  these 
symptoms. 

Nymphomania  is  also  occasionally  observed  in  tuberculous  cows. 
In  this  case  they  exhibit  all  the  symptoms  of  being  in  heat,  as 
inquietude,  indocility,  etc.  ; but,  as  nymphomania  sometimes  occurs 
in  other  diseases,  it  cannot  be  regarded  as  positive  evidence  of  the 
presence  of  tuberculosis. 
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When  the  lungs  are  diseased  with  tuberculosis,  the  movements  of 
the  ribs  and  wings  of  the  nostrils  are  normal,  unless  the  disease  is 
in  a very  advanced  stage ; but,  if  the  animal  is  forced  to  move 
quickly,  the  breathing  becomes  laborious  or  disturbed.  In  cases 
where  the  disease  is  .not  so  advanced,  the  difficult  breathing  is 
scarcely  noticed  during  repose ; but,  if  the  lining  of  the  thorax 
(pleura)  is  affected,  it  is  more  apparent,  and  may  be  so  pronounced 
as  to  assume  the  abdominal  character.  When  this  occurs  there  is 
more  than  ordinary  sensitiveness  exhibited  on  pressure,  especially 
above  and  behind  the  shoulders,  along  the  back  and  in  the  costal 
region. 

I would  add  that  when  the  tubercles  are  on  the  membranes  of 
the  brain,  the  animal  is  liable  to  have  a stiff  neck  or  carry  its  head 
to  one  side.  When  the  disease  is  located  in  the  liver,  spleen, 
mesenteries  or  other  organs,  the  animal  will  give  more  or  less 
evidence  of  suffering  in  these  organs,  or  may  flinch  and  give  other 
evidences  of  pain  when  the  parts  over  the  affected  organ  are 
pressed.  The  presence  of  nymphomania  undoubtedly  indicates  a 
diseased  condition  of  one  or  both  of  the  ovaries,  and  this  might  be 
sufficient  to  destroy  the  ova  and  cause  sterility.  When  the  disease 
attacks  the  udder,  it  frequently  causes  a very  diffuse  painless  swell- 
ing of  a portion  of  the  organ,  most  frequently  one  of  the  posterior 
quarters,  and  a considerable  swelling  may  occur  in  a few  days. 
It  is  a remarkable  fact,  that  the  udder  swollen  with  this  disease 
may  yield  the  usual  quantity  of  apparently  healthy  milk,  which  is 
not  the  case  when  the  swelling  has  a different  origin. 

Is  Bovine  Tuberculosis  Curable? 

From  the  nature  of  the  disease,  it  does  not  seem  possible  to 
destroy  the  bacilli  in  the  body,  so  that  the  malady  may  not  make 
its  appearance  again  under  favoring  conditions  ; and  when  we 
recall  the  extreme  danger  there  is  to  the  whole  herd,  and  to  man 
also,  from  a single  infected  animal,  it  seems  neither  wise  nor  pru- 
dent to  retain  an  animal  which  is  suspected  of  being  contaminated 
in  any  way  with  this  disease.  This  same  idea  is  expressed  by  Dr. 
Law,  in  his  most  excellent  u Farmers’  Veterinary  Adviser.” 

What  Measures  Should  be  Taken  to  Avoid  the  Contagion? 

It  is  believed  that  if  living  bacilli  of  tuberculosis  be  received 
into  the  body,  by  whatever  means  or  from  whatever  source,  they 
will  be  liable  to  cause  the  disease,  especially  in  those  organs  which 
contain  stagnant  or  nearly  stagnant  fluids,  such  as  mucus,  lymph, 
etc.  The  bacillus  which  causes  tuberculosis  is  a plant,  and  within 
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it  are  developed  seeds  (spores)  ; and  any  consideration  of  it  must 
recognize  this  fact.  These  spores  require  suitable  conditions  for 
germination  and  growth,  such  as  a suitable  “soil,”  moisture 
and  temperature,  as  surely  as  corn  or  the  seeds  of  other  plants. 
Koch  found  in  his  experiments  that  these  spores  would  develop  in 
a temperature  ranging  between  86°  and  104°  F.,  and  this  condi- 
tion is  furnished  within  the  bodies  of  warm-blooded  animals.  The 
time  required  for  these  plants  to  germinate  — the  period  of  incu- 
bation, as  it  is  called  — is  not  very  accurately  established ; but, 
according  to  the  experiments  of  Koch,  it  is  probably  about  two 
weeks.  It  is  therefore  necessary  for  the  germs  to  remain  fixed  in 
the  nutritive  material  for  a protracted  period,  in  order  to  germinate 
and  produce  the  well-known  results. 

The  bacilli,  as  has  already  been  stated,  may  gain  entrance  into 
the  body  through  the  inhaled  air,  with  the  food  and  drink,  or  with 
the  genital  organs  ; and  in  the  case  of  man  it  may  be  inoculated 
into  the  body  with  vaccine  matter,  if  this,  by  any  chance,  be 
taken  from  an  infected  animal.  This  fact  suggests  that  the 
utmost  care  should  be  used  in  selecting  vaccine  matter. 

Tuberculosis  can  be  successfully  combated  only  by  destroying 
the  means  of  infection  ; and,  as  Dr.  Johne  says,  we  must  look 
upon  the  sputa  of  consumptive  persons,  as  well  as  substances  pol- 
luted by  the  same,  and  animals  having  the  disease,  as  the  centers 
of  infection. 

The  Council  of  Hygiene  of  the  Department  of  the  Seine  pub- 
lished the  following  rules  for  preventing  the  propagation  of  tu- 
berculosis, in  the  “ Medical  Gazette  ” of  Paris,  Feb.  27,  1886  : — 

“ The  most  active  agent  in  the  transmission  of  tuberculosis  is 
the  Sputum,  which  should  therefore  never  be  deposited  on  the  floor 
or  on  the  linen,  where  it  may  be  converted  into  a dangerous  ele- 
ment. 

4 1 The  patients  in  question  must  be  instructed  to  expectorate 
into  vessels  containing  sawdust,  the  contents  of  which  must  be 
daily  thrown  into  the  fire,  and  the  vessels  themselves  washed  in 
boiling  water  at  least  once  a day. 

“ The  furnished  apartment  of  a consumptive  patient,  especially 
in  case  of  death,  must  be  thoroughly  disinfected,  together  with  all 
bedding ; and  the  clothing  of  such  a patient  must  not  be  used 
until  it  has  been  subjected  to  the  action  of  steam. 

“ Since  sheep  are  far  less  subject  to  tuberculosis  than  cattle,  it 
would  be  far  safer  to  recommend  the  rare  flesh  of  that  animal  for 
sickly  children  and  adult  invalids,  than  rare  beef.” 

Dr.  Johne  gives  the  following  very  sensible  recommendations, 
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which  may  prove  useful  to  farmers  and  stock-breeders,  in  stamp- 
ing out  this  disease  in  their  herds  : — 

“ All  tuberculous  animals,  or  those  with  tuberculous  tendencies, 
must  be  unconditionally  excluded  from  breeding. 

“All  animals  diseased  with  tuberculosis  must  be  separated  from 
healthy  ones,  and  immediately  slaughtered.  Suspected  ones 
should  be  treated  in  the  same  manner. 

“ Stables  in  which  such  animals  have  been  kept  must  be  thor- 
oughly cleansed  and  disinfected. 

“ Everything  tending  to  cause  a predisposition  to  disease  must 
be  carefully  avoided,  and  great  care  given  to  ventilation,  diet, 
exercise  and  exposure.” 

There  ought  to  be  a careful  and  critical  supervision,  at  the  pub- 
lic expense,  of  all  slaughter  houses  and  of  the  meat  offered  for 
sale  in  our  markets,  and  also  frequent  examinations  of  the  herds 
kept  for  supplying  the  public  with  milk,  butter  and  cheese  ; but,  as 
this  will  not  probably  be  secured  immediately,  it  is  a wise  precau- 
tion adopted  in  many  families  to  boil  all  the  milk  and  to  cook 
thoroughly  all  the  meat  used.  Even  then  we  shall  have  to  take 
our  chances  on  the  butter  and  cheese  used,  since  it  is  impracticable 
to  boil  the  milk  before  the  manufacture  of  these  products. 

It  has  been  shown  that  boiling  or  roasting  in  the  ordinary  way 
is  not  sufficient  to  destroy  the  germs  in  the  center  of  large  pieces 
of  meat,  and  that  the  bacilli  will  not  be  destroyed  unless  the  heat 
is  sufficient  to  change  the  color  of  the  animal  juices.  It  has  also 
been  shown  that  a temperature  of  185°  F.  is  sufficient  to  destroy 
the  virulence  of  tuberculous  milk,  and  that  this  temperature  will 
not  change  its  taste. 
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ROADS. 


By  CLARENCE  D.  WARNER. 


In  taking  up  a subject  of  so  great  importance  to  all  and  scarcely 
appreciated  by  the  few,  it  seems  proper  to  state  at  the  first  that 
we  do  not  propose  to  discuss  road-making  in  all  its  details,  for 
space  would  not  permit  such  a lengthy  discussion  ; but  shall  pre- 
sent simply  some  of  the  more  important  facts  for  consideration. 
It  has  been  said  that  “ the  roads  of  a country  are  the  accurate  and 
certain  tests  of  the  degree  of  its  civilization.”  However  true  this 
maybe,  one  thing  is  sure,  — the  intelligence  displayed  in  the  con- 
struction and  maintenance  of  our  public  thoroughfares  is  of  no 
great  credit  to  us  as  a nation.  Of  all  civilized  countries,  America 
can  lay  claim  to  the  poorest  roads. 

“ Roads  are  the  veins  and  arteries  of  the  body  politic.”  The 
ancient  Romans  comprehended  the  idea,  and  constructed  costly 
highways,  over  which  in  war  their  legions  might  thunder,  and  in 
time  of  peace  the  agricultural  products  and  commercial  supplies 
could  be  easily  transported  to  a ready  market.  Two  thousand 
years  have  bereft  Rome  of  her  former  glory.  The  sacred  fire  of 
Vesta  long  since  went  out.  Palace  and  mausoleum  are  like  the 
dust  they  vainly  intended  to  commemorate  ; but  so  well  constructed 
were  these  Roman  roads,  that  even  to  this  day  they  may  be  traced 
for  miles  as  perfect  as  when  first  made. 

Throughout  the  German  empire  are  roads  well  suited  for  rapid 
transportation  of  agricultural  products,  or  the  massing  of  troops. 

The  military  roads  over  the  Alps  are  stupendous  works  of 
engineering.  Large  sums  of  money  have  been  expended  in  the 
construction  of  tunnels,  embankments  and  huge  walls  of  masonry. 
The  mountain  passes,  through  which  the  French  and  Austrian 
armies  marched  with  so  much  difficulty,  can  now  be  travelled  with 
ease  and  rapidity.  Good  roads  are  necessary  for  the  development 
of  the  resources  of  a country.  The  poems  of  Sir  Walter  Scott 
did  much  to  temper  the  political  feeling  between  the  Scotch  and 
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English;  but  one  has  said  that  “ the  great  military  roads  which 
Marshal  Wade  opened  through  the  Scottish  Highlands,  have  done 
more  for  the  civilization  of  the  Highlands  than  the  preceding 
efforts  of  all  the  British  monarchs.” 

Estates  have  greatly  increased  in  value  and  annual  returns ; 
former  wastes  are  now  producing  large  crops  of  wheat ; neat  farm- 
houses and  herds  of  cattle  are  seen  where  was  once  a desert,  and 
the  habits  and  morals  of  the  people  have  greatly  changed  for  the 
better. 

Oberlin,  Protestant  pastor  to  the  people  in  Steinthal,  a wild, 
mountainous  district  in  Alsace,  wishing  to  promote  the  education, 
general  prosperity  and  spiritual  condition  of  his  rude  flock,  began 
by  bettering  their  physical  condition.  He  introduced  better 
methods  of  cultivating  the  soil,  and  various  branches  of  manu- 
facture, and  prevailed  upon  his  people  to  open  a road  of  communi- 
cation between  their  secluded  valley  and  the  outside  world.  This 
district  had  suffered  terrib’y  during  the  thirty  years’  war,  and  the 
scanty  population  which  remained  were  sunk  in  poverty  and 
ignorance ; but,  when  means  of  communication  brought  them  in 
contact  with  the  civilizing  influence  of  the  outside  world,  a wonder- 
fully moral  and  intellectual  development  ensued. 

One  of  the  late  governors  of  Japan  advised  his  council  to  con- 
struct good  roads,  for  the  purpose  of  promoting  agriculture  and 
the  general  advancement  of  the  people  in  the  more  secluded  parts 
of  the  empire.  The  Shah  of  Persia  lately  issued  an  edict  com- 
manding his  subjects  to  go  in  for  railroads,  good  highways,  canals 
and  internal  improvements  generally.  Some  of  the  finest  roads  in 
the  world  are  said  to  traverse  almost  every  part  of  China.  Hence, 
the  railroad  has  as  yet  found  but  little  favor  among  the  Celestials. 

When  missionaries  first  visited  England,  monasteries  sprang  up 
in  different  parts  of  the  island,  and  the  pious  monks  employed 
their  time  in  promoting  agriculture,  reclaiming  land,  building 
bridges  and  constructing  roads.  In  Ireland,  the  face  of  the  coun- 
try in  some  places  has  been  completely  renovated  by  the  building 
of  roads. 

Among  the  charitable  guilds  of  the  middle  ages  was  a class  of 
men  who,  dressed  in  white,  went  about  building  and  repairing  roads 
and  bridges. 

Thomas  Aquinas  taught  that  “indulgences  could  be  given  in 
consideration  of  any  act  performed  for  the  glory  of  God  and  the 
good  of  the  Church,  such  as  building  churches  and  bridges,  per- 
forming pilgrimages  and  giving  alms.” 

In  1319,  John  XVII  granted  forty  days’  indulgence  to  those 
who  should  aid  in  building  a bridge  across  the  Elbe  at  Dresden. 
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So,  in  the  fifteenth  century,  the  papal  legates  offered  special  indul- 
gence to  those  who  would  annually  contribute  a small  sum  toward 
building  bridges  and  chapels. 

Good  roads  and  bridges  could  not  have  been  more  important 
then  than  now  ; of  this  there  is  abundant  evidence. 

Some  of  our  richest  mines  are  comparatively  valueless,  because 
the  roads  are  either  entirely  wanting,  or  so  poor  that  the  cost  of 
transportation  would  exceed  the  value  of  the  metal.  In  the  West 
are  extensive  coal  fields,  mountains  of  gold  and  silver  ore,  and 
thousands  of  acres  of  the  richest  farm  lands,  awaiting  the  road 
maker,  the  miner  and  the  farmer.  Many  luxuriant  crops  of  per- 
ishable fruits  and  vegetables  decay  on  the  ground,  where  there  is 
no  facility  for  rapid  transportation.  Until  within  a few  years,  the 
wild  cattle  of  the  pampas  were  slaughtered  for  their  hides  and 
horns ; and  in  Spain,  thousands  of  sheep  were  killed  annually  for 
the  fleece  only ; but  this  waste  has  been  largely  stopped  by  the 
construction  of  highways,  and  the  best  of  all  roads,  — the  railroad. 

Good  roads  affect  the  farmer  directly  and  indirectly.  Directly, 
as  roads  carry  his  produce  to  market,  and  bring  to  him  in  return 
commodities  for  home  consumption,  at  a cost  which  decreases  in 
proportion  as  the  road  becomes  better.  Indirectly,  cities  and 
towns  maintaining  a system  of  good  roads  not  only  increase  per- 
sonal comfort,  but  add  to  the  growth  of  the  population  and  wealth 
of  the  community. 

Dense  population  and  manufacturing  industry  always  make  a 
good  market  for  farm  products,  and  by  roads  alone  these  cities 
and  towns  may  extend  themselves  indefinitely.  We  do  not  wish, 
however,  to  convey  the  idea  that,  should  every  country  town  con- 
struct costly  roads,  there  would  be  an  immediate  influx  of  popula- 
tion and  a corresponding  increase  of  wealth  ; for  many  other  things 
must  be  considered.  Nor  would  we  advise  the  construction  of  a 
costly  road  between  two  smaller  towns  which  have  little  inter- 
course ; and  to  leave  unimproved  the  main  thoroughfares  leading 
from  cities  to  the  interior  regions,  from  which  thousands  draw  the 
strength  and  comfort  of  life,  would  also  be  a waste  of  economy. 

Some  of  the  advantages  thus  to  be  attained  have  been  well 
summed  up  in  a report  of  a committee  of  the  House  of  Commons  : — 

“ By  the  improvement  of  our  roads,  every  branch  of  our  agricul- 
tural, commercial  and  manufacturing  industries  would  be  materially 
benefited.  Every  article  brought  to  market  would  be  diminished 
in  price  ; and  the  number  of  horses  would  be  so  much  reduced,  that, 
by  these  and  other  retrenchments,  the  expense  of  five  millions 
( pounds  sterling ) would  be  annually  saved  to  the  public.  The 
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expense  of  repairing  roads  and  the  wear  and  tear  of  carriages 
and  horses  would  be  essentially  diminished  ; and  thousands  of 
acres,  the  produce  of  which  is  now  wasted  in  feeding  unnecessary 
horses,  would  be  devoted  to  the  production  of  food  for  men.  In 
short,  the  public  and  private  advantages  which  would  result  from 
effecting  that  great  object,  the  improvement  of  our  highways  and 
turnpike  roads,  are  incalculable.”  * 

The  roads  of  New  England  are  far  from  being  satisfactory  as 
to  their  location,  direction  and  construction.  Almost  all  the  roads 
marked  out  by  the  early  settlers  pass  through  places  that  offer  the 
greatest  hindrance  to  economy  of  traffic,  rapidity  and  safety  of 
carriage. 

Before  the  Christian  era,  cities  were  built  upon  the  summits  of 
high  hills,  for  safety  in  time  of  war.  In  the  middle  ages,  lords 
usually  erected  their  castles  on  high,  rocky  elevations,  that  over- 
looked the  surrounding  country,  as  a safeguard  against  a surprise 
of  the  enemy.  So,  too,  did  our  ancestors,  coming  into  a country 
of  trackless  forests,  inhabited  by  wild  beasts  and  bands  of  roving, 
hostile  savages,  erect  their  cabins  and  strongholds  on  elevated 
positions,  as  a means  of  protection.  For  this  reason  many  of  the 
hill  towns  were  settled  before  the  fertile  meadows  of  the  Connecticut 
valley  were  brought  under  cultivation.  At  first  there  were  only 
foot  paths,  which  led  from  cabin  to  cabin ; afterwards  these  were 
used  for  pack  horses  ; and  in  due  time  carriages  came  into  use,  and 
carriage-ways  naturally  followed  the  beaten  tracks.  Thus,  in  proc- 
ess of  time,  a system  of  roads  ran  over  the  most  hilly  part  of  the 
country.  To  try  to  remedy  this  evil  would  not  only  incur  great 
expense,  but  stout  opposition  would  be  met  with  among  the  owners 
of  property  ; for  new  roads,  surveyed  and  constructed  according  to 
best-known  principles,  would  often  cause  a road  to  pass  through  a 
farm  in  a winding  line,  thus  dividing  the  farm  and  destroying  the 
squareness  of  the  fields.  Again,  in  many  cases  farm  buildings 
would  be  shut  off  from  the  main  thoroughfare,  which  alone  would 
depreciate  the  value  of  property. 

The  location  of  a road  is  of  no  secondary  importance.  In  this, 
several  conditions  should  govern  the  engineer ; for  example,  the 
amount  of  traffic  and  its  general  character,  the  welfare  of  the 
community,  and  the  natural  features  of  the  country  through  which 
the  road  must  pass.  So  far  as  possible,  the  shortest  and  most 
direct  line  should  be  taken ; but  in  no  case  should  a short  and 
steep  road  be  preferred  to  a winding  one  with  easy  ascents  and 
descents.  The  latter  always  should  be  kept  within  the  smallest 


* Gillespie's  Roads  and  Railroads,  page  20. 
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practicable  limits.  The  engineer  should  aim  to  avoid  unnecessary 
labor  and  cost  in  the  construction  of  the  road,  such  as  embank- 
ments, excavations  and  bridges.  It  is  almost  always  better  to 
pass  around  a pond  or  marsh  land  than  to  build  an  expensive 
causeway.  The  road  should  have  the  best  exposure  to  the  free 
action  of  the  wind  and  sun,  by  which  rain  falling  upon  it  is 
speedily  evaporated,  and  its  surface  maintained  dry.  High  fences, 
hedges  and  trees  by  the  sides  of  roads,  impede  the  wind  and 
sun. 

After  the  road  has  been  located,  its  longitudinal  slope  should 
next  be  determined.  A perfectly  level  road  is  the  most  desirable, 
but  this  can  seldom  be  completely  attained.  If  a road  be  not 
level,  much  strength  of  the  horse  is  expended  in  lifting  the  load 
up  the  ascent.  Inclinations  in  a road  are  always  injurious  ; if  a 
rough  road,  the  effect  is  even  more  marked.  If  the  inclination  be 
long,  the  power  of  the  horse  to  overcome  the  resistance  of  the 
load  decreases  as  he  ascends.  Hence  it  is  better  to  make  the  first 
part  of  the  ascent  steeper,  and  the  last  part  a smaller  angle  of 
inclination  ; for  at  the  foot  of  a^hill  the  animal  is  in  a better  con- 
dition to  overcome  the  steeper  part,  and  as  its  strength  becomes 
exhausted,  the  road  assumes  a gentler  slope.  Undulatory  roads  are 
a mistake  ; the  idea  that  the  animal,  after  being  exhausted  climb- 
ing up  a hill,  becomes  rested  going  down  the  other  side,  is  erro- 
neous, and,  to  some  extent,  absurd.  In  no  case  does  the  animal 
make  up  for  his  exhausted  condition  except  when  the  descent  is 
such  that  the  resistance  caused  by  friction  equals  the  force  of 
gravity  of  the  load.  Where,  however,  undulations  in  the  surface 
of  the  road  are  unavoidable,  we  should  endeavor  to  make  them  as 
slight  as  possible,  the  limit  being  the  “ angle  of  repose,”  or  an 
inclination  at  which  a carriage  once  set  in  motion  would  continue 
to  descend  by  the  action  of  gravity  alone.  If  the  inclination  be 
greater  than  the  limiting  angle  of  resistance,  the  carriage  would 
have  its  motion  accelerated,  and  the  load  would  press  upon  the 
horse,  causing  him  to  do  work  in  holding  the  load  down  the 
descent,  and  the  increased  speed  would  often  imperil  the  traveller. 
This  angle  of  repose  varies  with  the  smoothness  and  hardness  of 
the  road,  and  also  the  friction  of  the  axles  of  the  carriage.  On  the 
very  best  of  broken  stone  roads,  1 in  35,  or  151  feet  to  the  mile,  is 
considered  about  the  right  inclination.  In  the  State  of  New  York 
several  turnpike  companies  are  limited  to  1 in  11.  The  maximum 
slope  established  by  the  French  government  engineers  is  1 in  20. 
The  great  Holyhead  road  in  North  Wales  has  1 in  30  for  its  max- 
imum. In  only  two  places  does  the  slope  differ  from  the  above  ; 
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one  of  these  has  1 in  22  and  the  other  1 in  17.  Three  notable 
roads  cross  the  Alps  ; viz.,  the  Simplon,  Splugen  and  St.  Gottard 
roads.  These  three  roads  are  great  engineering  achievements,  and 
are  carried  across  a great  number  of  bridges,  over  numerous  gal- 
leries cut  out  of  the  natural  rock  or  built  of  solid  masonry,  and 
through  great  tunnels  ; and  nowhere  is  the  slope  greater  than  1 in 
13.  But  nearly  all  of  our  roads  are  built  in  the  quickest,  easiest 
and  cheapest  way,  and  the  grade  usually  corresponds  to  the  natu- 
ral slope  of  the  country  through  which  they  pass.  We  have 
stated  that  a perfectly  level  road  is  the  most  desirable,  but  several 
reasons  call  for  a modification  of  the  statement.  In  a perfectly 
level  country,  like  many  of  the  Western  States,  the  roads  during 
the  rainy  season  become  almost  impassable,  because  the  water 
standing  on  the  road  surface  converts  the  whole  into  a thick,  ad- 
hesive mud.  And,  while  sufficient  drainage  is  requisite  for  a good 
road,  it  seems  proper  not  only  to  furnish  side-drains  and  cross- 
drains, if  necessary,  but  to  give  the  road  itself  a gentle  longitu- 
dinal slope,  say  1 in  130.  A series  of  undulations  approximating 
the  above  gradient  might  be  of  some  advantage.  In  brief,  we 
would  say,  all  things  considered,  never  make  the  longitudinal 
slope  greater  than  1 in  35  nor  less  than  1 in  130. 

The  proper  width  for  a road  depends  upon  its  importance  and 
the  amount  of  travel  upon  it.  Hoads  much  frequented  between 
large  towns,  and  especially  main  thoroughfares  leading  to  thickly 
populated  cities,  should,  therefore,  be  much  wider  than  highways 
in  small  country  places.  Nearly  all  the  public  roads  of  New 
England  are  laid  out  three  rods  wide  between  fences  ; but  only  a 
part  of  this  is  used  for  travelling  upon. 

No  road  should  be  wider  than  is  necessary  for  convenience  and 
safety  of  traffic  ; for  there  is  not  only  a waste  of  land,  but  labor 
and  money  must  be  expended  in  building  aud  keeping  the  road 
in  repair.  The  Roman  military  roads  were  12  feet  wide  when 
straight  and  16  when  crooked.  The  high-roads  crossing  the  Alps, 
mentioned  above,  are  from  25  to  30  feet  wide.  The  public  roads 
in  France  are  divided  into  four  classes,  varying  from  16  feet  to  26 
feet  in  width.  In  the  British  Isles  the  width  of  roads  is  pre- 
scribed by  law,  and  varies  from  20  feet  to  60  feet. 

Our  highways  are  very  often  too  narrow.  In  places  where 
safety  of  travel  demands  a moderately  broad  road,  there  exists, 
instead,  one  barely  wide  enough  for  the  passage  of  a carriage,  and 
that  with  danger  to  the  occupant.  A few  such  places  may  be 
found  in  the  several  roads  crossing  the  Holyoke  range.  In  no 
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case  should  the  road  be  too  narrow  for  the  passing  of  two  vehicles  ; 
this  can  be  accomplished  on  a road  16£  feet  in  width,  but  it  is  far 
better  to  increase  this  to  20  feet.  Very  few  of  our  country  roads 
have  a properly  shaped  bed.  The  surface  of  the  road  is  usually 
below  that  of  the  adjacent  land.  This  should  be  strictly  avoided, 
especially  in  a low,  flat  country ; for  such  a road  would  form  a 
watercourse  into  which  the  water  of  the  adjacent  fields  wrould  be 
drained,  thus  forming  a yielding,  muddy  surface.  The  first  requi- 
site of  a good  road  is  to  have  its  bed  thoroughly  drained.  The 
surface  should  be  considerably  higher  than  that  of  the  bordering 
land,  and  good  ditches  at  the  side  provided.  The  form  of  the 
cross  section  (Fig.  1 ) should  be  rounding,  in  order  that  the  rain 
falling  upon  its  surface  may  be  readily  drained  off.  The  form 
usually  adopted  is  that  of  a flat  ellipse  (Fig.  2)  ; but  the  segment 
of  a circle  is  better,  while  tw'o  tangents  jointed  by  a segment 
is  considered  superior  to  either  the  ellipse  or  segment. 


A road  thus  formed  is  more  uniform  in  inclination,  and  escapes 
many  of  the  evils  incident  to  the  curved  profile.  The  degree  of 
inclination  of  the  planes  will  depend  upon  the  surface  of  the  road. 
On  a rough  and  narrow  road  the  inclination  should  be  greater,  and 
lessen  with  the  increase  of  smoothness.  The  transverse  profile  of 
a hill-side  road  should  be  a single  plane  inclining  inwards  toward 
the  face  of  the  hill,  and  a ditch  made  along  the  side  of  the  hill  to 
receive  the  surface  water,  or  the  overflow  of  springs.  This  w^ater 
should  be  conducted  under  the  road  at  proper  intervals.  Much 
damage  is  often  done  by  allowing  drainage  water  to  cross  the  road 
on  the  surface. 

We  mentioned  above  that  thorough  drainage  is  one  of  the  first 
requisites  of  a good  road.  All  attempts  at  improvement  are  use- 
less until  the  water  is  got  rid  of.  Not  only  is  the  surface  injured, 
but  the  substratum  or  foundation  of  the  road  is  weakened  by  per- 
colation or  capillary  attraction  of  the  wrater.  Sometimes  side 
ditches  are  not  sufficient,  and  cross  drains  are  deemed  necessary 
to  keep  the  road-bed  dry.  Their  depth  should  be  about  two  feet 
below  the  road  covering,  with  an  inclination  of  about  2 in  100, 
from  the  axis  of  the  road  to  the  side  drains.  Their  distance  apart 
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will  depend  upon  the  nature  of  the  soil  and  kind  of  road-covering 
used ; from  20  to  30  feet  apart  is  considered  a suitable  distance 
for  very  wet  ground,  but  in  some  cases  the  distance  is  increased 
to  300  feet.  Small  drains,  however,  placed  close  together,  are 
much  more  efficient  than  larger  ones  far  apart.  Cross  sections  of 
several  kinds  of  drains  are  seen  below.  6,  7,  8 and  9 are  made 
of  brick,  4 and  5 of  stone,  and  3 of  fascines,  or  bundles  of  poles. 
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The  method  of  construction  is  readily  understood  by  the  profiles, 
and  needs  no  explanation.  Ordinary  tiles  maybe  used,  but  the 
expense  is  somewhat  greater.  Brick,  stone,  or  tiles,  used  to  form 
drains,  should  be  first  covered  with  hay  or  straw  to  prevent  earth 
from  entering  the  drain.  The  trench  is  then  filled  up.  Fig.  10 
shows  a plan  of  the  side  and  transverse  drains. 


; FOOT  ! 

path. 
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way. 

FIGr.lo,  AFTER,  CLAR.K 

Catch- waters  are  usually  placed  at  intervals  on  a long  stretch  of 
continuously  descending  road.  Their  province  is  as  the  name 
implies,  — to  collect  the  surface  water  which  runs  down  the  road, 
and  turn  it  into  the  side  ditches.  While  catch-waters  are  useful  in 
this  respect,  they  are  often  a source  of  inconvenience  to  the  traveller, 
especially  -when  they  are  not  properly  constructed.  They  may 
slope  toward  one  side  ditch  only,  as  in  the  case  of  a road  running 
along  a steep  side  hill,  or  incline  each  w’ay  from  the  centre  toward 
both.  In  the  latter  case  the  shape  should  be  that  of  a broad  letter 
V,  with  the  angle  pointing  toward  the  ascent. 

Great  care  should  be  exercised  in  making  a catch-water.  If  the 
latter  be  at  right  angles  to  the  length  of  the  road,  and  Steep,  much 
strength  of  the  animal  is  lost  in  pulling  heavy  loads  up  the  ascent. 
Moreover,  violent  shocks  are  experienced  by  those  persons  making 
the  descent  at  a rapid  pace. 

Catch-waters  should  be  so  located*  that  both  forward  wheels  will 
enter  them  at  the  same  time,  and  never  steeper  than  is  absolutely 
necessary.  The  V-shaped  catch-water  is  the  best. 

Roads  are  classified  according  to  their  coverings,  as  follows  : — 

1.  Earth  Roads. 

2.  Gravel  Roads. 

3.  Roads  of  Wood. 

4.  Paved  Roads. 

5.  Broken  Stone  Roads. 

The  first  two  named  are  those  roads  farmers  have  mostly  to  deal 
with.  Paved,  broken  stone  and  wood  roads,  are  not  verymumer- 
ous  in  farming  districts. 
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Earth  Roads. 

Earth  roads  possess  very  many  defects.  They  are  usually  made 
in  a turnpike  form  without  proper  foundation,  and  almost  always 
are  full  of  ruts ; this  is  especially  the  case  where  the  soil  is  of  a 
clayey  nature.  Where  the  soil  is  very  sandy,  a covering  of  six 
inches  of  clay  will  produce  a good  road  ; and  sand  may  be  added 
to  adhesive  clay  soils  with  equal  benefit.  In  both  cases  the 
materials  pack  under  the  action  of  traffic  in  the  dry  season, 
and  do  not  produce  adhesive  mud  in  rainy  weather.  The  ruts  and 
hollows  should  be  filled  up  as  fast  as  they  are  formed  on  the  sur- 
face ; but  the  material  used  should  be  coarse  sand  or  gravel,  free 
from  vegetable  mould.  Cobble-stones  and  large  fragments  of 
rocks  should  never  be  placed  in  ruts  ; they  form  hard,  unyielding 
places  in  the  road,  and  are  sure  to  increase  rather  than  obviate 
the  difficulty. 

The  plough  and  scraper  should  never  be  used  in  repairing  a 
road  ; the  plough  breaks  up  the  solid  foundation  that  heavy  traffic 
has  formed,  and  which  is  most  essential  to  a good  road. 

When  a road  has  once  become  firm  and  thoroughly  compact, 
it  should  never  be  disturbed  when  repaired.  Material  used  for 
repairing  should  be  brought  in  carts  or  wheelbarrows  ; by  so  doing, 
a better  selection  of  material  can  be  made,  and  what  is  not  suit- 
able rejected.  The  wheel  scraper  so  commonly  used  at  the  present 
time  does  a large  quantity  of  work,  but  generally  poor  in  quality. 
Such  a scraper,  drawn  by  four  horses  and  handled  by  one  man 
besides  the  driver,  is  capable  of  repairing  in  a way  a long  stretch 
of  road  ; but  the  material  is  always  taken  from  the  roadside,  and 
consists  largely  of  vegetable  mould,  sod  or  turf,  and  washings 
from  the  road,  which  assist  in  forming  a good  surface,  but  very 
soon  decay  and  form  the  softest  mud. 

A heavy  6X12  timber,  six  feet  long,  shod  with  steel  and 
attached  to  a neap  obliquely,  and  drawn  over  the  road,  is  very 
useful  in  filling  up  the  ruts  and  freeing  the  surface  from  small 
stones.  Care  should  be  taken  to  keep  the  ruts  and  hollows  filled 
up ; for,  when  a depression  is  once  formed,  the  wheels  of  heavy 
vehicles  act  like  sledge-hammers,  and  at  each  stroke  the  ruts  become 
deeper.  The  destructive  effect  of  heavy  wagons  decreases  as  the 
width  of  the  tire  increases ; this  is  especially  so  on  compressible 
roads,  such  as  earth,  sand,  gravel  and  so  forth  ; but  on  a hard  and 
unyielding  surface,  such  as  a paved  or  broken  stone  road,  the 
resistance  is  independent  of  the  width  of  the  felloe.  Much  dis- 
cussion has  been  given  to  this  subject,  and  New  York  State  has 
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regulated  the  toll  on  turnpikes  according  to  the  breadth  of  the  tire. 
The  larger  the  wheel,  the  less  friction  and  the  greater  leverage  to 
overcome  obstacles.  Springs  on  heavy  wagons  would  not  only 
aid  the  draught,  but  would  lessen  the  shock  of  passing  over 
obstacles,  and  thus  largely  reduce  the  wear  and  tear  of  road  surface. 

Gravel  Roads. 

What  has  already  been  said  concerning  earth  roads  applies  to 
some  extent  to  gravel  roads;  viz.,  good  drainage  and  a solid 
foundation.  The  material  for  the  surface  must  be  selected  with 
care.  Gravel  from  the  coast  or  river  banks  is  usually  too  clean ; 
that  is,  composed  largely  of  round,  smooth  pebbles,  which  do  not 
easily  form  a solid  surface  until  they  are  broken  by  traffic  into 
angular  pieces.  Gravel  dug  from  pits  contains  too  much  earthy 
material,  and  should  be  screened  if  the  best  results  are  desired. 
Sieves  should  be  provided,  so  that  all  pebbles  an  inch  and  a half  in 
diameter  can  be  rejected,  as  also  material  one-half  inch  in  diame- 
ter and  less. 

When  the  road-bed  is  properly  prepared,  a coating  of  three 
inches  of  the  material  should  be  applied  and  allowed  to  become 
solid  by  traffic,  after  which  a second  coating  and  still  a third  may 
be  applied.  Heavy  rollers  are  sometimes  used  to  hasten  the  con- 
solidation. If  the  material  can  be  applied  in  rainy  weather,  so 
much  the  better ; water  will  help  to  form  the  whole  into  a solid 
mass.  It  is  better  to  put  the  smaller  material  at  the  bottom  and 
the  larger  on  top ; for,  otherwise,  travel  and  frost  would  in  time 
force  the  smaller  pebbles  to  the  bottom  and  the  larger  ones  to  the 
surface. 

Wood  Roads. 

Wood  roads  embrace  corduroy  roads,  charcoal  roads,  plank 
roads,  and  roads  paved  with  blocks  of  wood.  Corduroy  roads 
are  less  expensive  than  the  others.  They  are  built  where  the 
ground  is  moist  and  yielding,  and  timber  plenty.  Logs  are  laid 
side  by  side.  Where  one  layer  is  not  sufficient,  the  logs  are  laid 
at  right  angles  to  each  other,  one  layer  above  the  other.  Such 
a road  is  a great  hindrance  to  speed,  safety  and  comfort,  in 
travel. 

In  some  of  the  Western  States,  where  timber  is  plenty,  charcoal 
roads  have  been  made  through  swampy  forests.  Logs  from  six 
inches  to  two  feet  in  diameter,  and  from  twelve  to  twenty-four 
feet  long,  are  cut  and  piled  up  lengthwise  along  the  road  about 
six  feet  high,  being  nine  feet  on  the  bottom  and  two  on  top,  and 
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then  covered  with  straw  and  earth,  or  simply  with  sods,  and  burned 
in  the  manner  of  coalpits.  The  covering  is  taken  from  the  sides 
of  the  road,  and  the  ditches  thus  formed  will  afford  good  drain- 
age. After  the  timber  is  converted  into  charcoal,  the  earth  is 
removed  to  the  sides  of  the  ditch  and  the  coal  drawn  each  way, 
leaving  a gentle  slope  from  the  centre  to  the  sides.  Such  a road, 
though  expensive,  is  very  desirable,  and  always  presents  a smooth, 
hard  surface. 

Plank  roads  are  little  used  in  New  England.  They  were  first 
constructed  in  Canada  in  1836,  and  gave  so  much  satisfaction  that 
now  nearly  1,000  miles  have  been  built  in  the  Dominion,  and  about 
5,000  miles  are  registered  in  New  York  State,  and  States  to  the 
west  and  south.  So  far  as  possible,  in  order  to  secure  the  best 
results,  a plank  road  should  be  level ; for  on  such  a road  a horse 
can  very  conveniently  draw  three  tons  ; but  if  the  road  has  a steep 
grade,  the  animal  can  only  draw  on  a level  what  it  is  able  to  lift  up 
the  ascent.  Hence  the  necessity  of  a level  surface.  After  the 
location  of  the  road  has  been  determined,  the  bed  should  be  pre- 
pared the  proper  width,  and  thoroughly  drained  by  ditches  at  the 
sides  and  cross  drains  if  necessary  ; and  then  sleepers  12X4  and 
16  feet  long,  firmly  bedded,  on  the  flat  side,  in  the  earth  three  or 
four  feet  apart.  The  earth  should  be  filled  about  and  between  the 
sleepers,  and  rammed  down  until  the  plank  will  rest  alike  on  both 
earth  and  sleepers.  Sometimes  a heavy  roller  is  used  to  consoli- 
date the  earth.  No  air  spaces  should  be  left  between  the  earth 
and  planks,  otherwise  they  would  soon  be  rotted.  The  planks 
should  not  be  longer  than  8 feet,  4 inches  thick,  and  may  be 
chestnut,  hemlock,  spruce,  pine  or  oak.  The  last  makes  the 
most  permanent  road,  for  it  resists  more  strongly  wear  and  decay. 
If  the  planks  are  longer  than  8 feet,  they  are  more  liable  to  warp 
and  thus  make  the  road  rough.  One  can  see  a good  illustration 
of  this  on  almost  any  country  bridge.  Again,  if  the  planks  are 
too  wide,  they  will  warp  longitudinally.  They  should  be  square 
edged,  and  not  less  than  six  or  more  than  twelve  inches  wide. 
They  should  be  laid  at  right  angles  to  the  direction  of  the  road. 
Long  and  careful  experiments  have  proven  conclusively  that 
planks  thus  laid,  for  roads  or  bridges,  resist  better  the  wear  and 
tear  and  give  greater  satisfaction  in  every  respect  than  when  laid 
lengthwise,  or  obliquely  to  the  axis  of  the  road ; for  planks  laid 
lengthwise  afford  no  footing,  and  loaded  horses  slip  upon  them  in 
wet  weather.  Again,  ruts  are  soon  worn,  and  the  planks  are  liable 
to  be  displaced.  If  the  planks  are  laid  obliquely,  as  in  the  case  of 
many  of  our  bridges,  the  edges  are  not  worn  down  so  quickly  ; but 
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when  a loaded  vehicle  comes  upon  a plank  thus  laid,  the  pressure 
being  on  one  end,  the  plank,  having  no  weight  on  the  other  end  to 
keep  it  down,  will  spring  up,  and  the  action  continued  will  in  time 
injure  and  break  up  the  road. 

All  things  considered,  as  we  have  already  stated,  planks  laid  at 
right  angles  to  the  direction  of  the  road  are  preferred.  It  is  not 
necessary  to  spike  the  planks  if  the  road  is  properly  built  and 
thoroughly  drained.  In  Canada,  however,  the  law  requires  them 
to  be  fastened  at  both  ends.  But  a loaded  vehicle,  coming  equally 
upon  both  ends  of  a transverse  plank,  tends  to  hold  it  in  place. 
One  has  suggested  to  spike  every  fifth  plank  and  draw  the  rest 
tightly  against  these.  After  the  planks  are  properly  laid,  a coat- 
ing of  hot  coal-tar  and  then  an  inch  of  coarse  sand  or  fine  gravel 
should  be  applied.  The  tar  and  gravel  penetrate  into  the  grain  of 
the  wood,  and  thus  combine  to  form  a means  of  protection  from 
the  rain,  and  wear  of  the  wheels. 

Wooden  pavement  has  been  successfully  employed  in  Russia 
for  several  years,  and  has  now  been  introduced  into  England, 
France  and  the  United  States.  It  is  far  superior  to  stone  pave- 
ment as  regards  both  the  comfort  of  passengers  and  residents, 
arising  from  the  evenness  of  the  surface  and  absence  of  noise. 
Many  different  kinds  have  been  tried,  the  object  being  to  prevent 
irregular  settlement  of  the  blocks,  and  to  remove  slipperiness  of  its 
surface. 

The  gauge  of  a horse’s  hoof  is  the  measure  of  the  proper  maxi- 
mum width  of  a block.  The  normal  dimensions  in  current  prac- 
tice in  England  are  : width,  3 inches  ; depth,  6 inches  ; length,  9 
inches.  These  are  in  the  ratios  of  1,  2 and  3. 

In  preparing  the  foundation  an  excavation  should  be  made  at 
the  proper  depth ; the  latter  depends  on  the  length  of  the  block, 
usually  from  9 to  12  inches  below  the  top  surface  of  the  new 
pavement.  A thin  layer  of  sand  is  spread  over  the  bottom.,  and 
upon  this  a close  floor  of  inch  boards  is  laid  lengthwise  of  the 
street.  The  two  ends  and  middle  part  of  the  boards  should  rest 
upon  others  laid  transversely.  The  whole  is  then  given  a coating 
of  hot  coal-tar.  Upon  the  floor  the  blocks  are  laid,  usually  at 
right  angles  to  the  axis  of  the  road,  and  with  close  joints,  the  rows 
being  from  one-fourth  to  three-fourths  of  an  inch  apart,  — 
in  France  and  England  the  former,  in  our  country  the  latter. 
These  transverse  courses  are  separated  from  each  other  by  placing 
battens  of  common  pine  or  spruce  three-fourths  by  one  inch  at 
the  base  of  the  block,  and  securing  both  block  and  batten  by  nail- 
ing them  to  the  floor.  The  whole  surface  is  then  given  a coating 
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of  hot  coal-tar  and  sand  to  the  depth  of  an  inch.  But  one  has 
said,  according  to  the  best  experience  of  wood  paving,  it  should 
consist  of  plane  rectangular  blocks,  solidly  set  upon  a foundation 
of  cement,  with  water-tight  joints.  A wooden  pavement  so  con- 
structed as  to  fulfil  these  conditions  gives  satisfaction  on  the  five 
points  of  convenience,  cleanliness,  maintenance,  safety  and  dura- 
bility. The  cities  of  London,  Paris  and  Chicago  afford  the  best 
and  most  exhaustive  available  experience  of  wood  pavements. 
What  is  true  of  wood  is  also  true  of  stone  pavements.  The  latter 
will  not  be  treated  of  in  this  article. 


Broken  Stone  Roads. 

Broken  stone  roads  are  employed  very  extensively  in  England 
and  on  the  Continent,  but  as  yet  are  but  little  used  in  America. 
They  are  divided  into  Macadam  roads  and  Telford  roads  ; but,  in 
fact,  all  the  most  perfect  modem  constructions  are  imperfect  and 
incomplete  imitations  of  the  ancient  Roman  roads. 

Macadam  roads  were  first  brought  into  notice  by  a gentleman 
named  Macadam.  They  were  first  made  entirely  of  broken  stone, 
without  any  rough  pavement  for  their  foundation. 

In  forming  a macadam  road,  if  the  ground  be  very  hard  and 
dry,  it  is  only  necessary  to  bring  the  surface  to  a true  level,  and 
then  apply  the  road  metal ; but  should  the  ground  be  wet  or  clayey, 
it  must  first  be  thoroughly  drained  by  side  and  cross  drains, 
as  before  mentioned,  and  an  excavation  made  of  the  required 
width  and  depth.  If  the  soil  consists  largely  of  clay,  it  is  better 
to  put  on  a coating  of  several  inches  of  coarse  sand  or  gravel  well 
rolled  before  applying  the  road  metal.  Sometimes  a close  floor  of 
inch  boards,  instead  of  sand,  serves  very  well  the  same  purpose. 
After  the  excavation  is  made  and  properly  shaped  and  drained, 
broken  stone  or  macadam  is  laid  upon  the  prepared  surface,  two 
or  three  successive  layers,  as  the  case  may  require,  three  inches 
thick  and  rolled  successively  ; and  then  a coating  of  coarse  sand 
one  inch  in  thickness  is  spread  over  the  top  and  rolled  into  it, 
with  plenty  of  water.  Sometimes  the  gravel  and  water  are  added 
as  the  second  layer  of  road  metal  is  laid,  and  all  rolled  well  to- 
gether. The  above  order  is  usually  followed  in  England ; but  in 
our  country  the  roller  is  usually  dispensed  with,  and  each  layer  of 
road  metal  is  allowed  to  become  consolidated  by  the  traffic  before 
the  next  is  applied.  Some  consider  it  better  for  the  future  solid- 
ity of  the  road  to  dispense  with  the  coating  of  sand,  if  possible. 
Both  French  and  American  engineers  consider  from  six  to  ten 


96 


AGRICULTURAL  COLLEGE. 


[Jan. 


inches  of  road  metal  a proper  maximum  depth.  No  large  stones 
should  be  used.  The  proper  size  is  one  and  one-half  inches  in 
cubical  shape,  or  two  inches  in  the  longest  diagonal.  These  are 
broken  by  hand  or  by  a stone  crusher.  The  former  method  is 
largely  adopted  on  the  Continent,  and  whole  families  are  employed 
breaking  stones  for  the  great  roads  crossing  the  Alps.  The  Blake 
stone  crusher  is  used  in  this  country,  and  the  working  capacity  of 
the  machine  varies  from  three  to  seven  cubic  yards  of  broken 
stone  per  hour,  according  to  the  size  required.  Fig.  11  repre- 
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sents  a cross  section  of  a macadam  road;  Figs.  12,  13  and  14, 
those  of  old  French  roads,  present  French  and  Belgian  roads, 
respectively. 
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Telford  Roads. 


These  roads  were  named  after  Thomas  Telford,  who  first  con- 
structed them  in  England.  The  characteristic  difference  between 
Telford  and  Macadam  roads  is  the  sub-pavement  used  in  the 
former  and  which  is  wanting  in  the  latter.  Upon  a level  bed  pre- 
pared for  the  road  material,  a layer  of  stone  is  set  up  by  hand. 
At  the  middle  of  the  road  stones  seven  inches  in  depth  are  used, 
and  decrease  gradually  to  three  inches  at  the  sides.  They  are  to 
be  set  on  their  broadest  edges  and  lengthwise  across  the  road,  and 
the  breadth  of  the  upper  edge  is  not  to  exceed  four  inches  in  any 
case.  Upon  the  pavement  a coating  of  six  inches  of  road  metal 
is  placed,  and  the  whole  is  covered  with  a binding  of  an  inch  and 
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a half  in  depth,  of  good  clean  gravel.  The  material  used  for 
broken  stone  roads  should  be  hard  and  tough.  The  most  useful 
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are  the  basaltic  and  trap  rocks,  sienitic  granites  and  some  kinds 
of  lime  stone ; but  flint  or  quartz  rocks,  gneiss,  mica-slate  and 
sandstone  should  never  be  used.  Fig.  15  shows  a cross  section 
of  the  Telford  road.  Fig.  16  shows  rubble-stone  foundation 
without  Telford  pavement. 


Management  of  Roads. 

A few  words  about  the  management  of  town  roads  will  con- 
clude this  paper.  The  condition  of  every  country  road  varies 
from  year  to  year,  according  to  the  knowledge  and  experience  of 
those  who  have  them  in  charge.  The  present  method  existing  in 
many  places,  of  raising  a specified  sum  of  money  for  roads,  and 
allowing  an  inexperienced  and  incompetent  person  to  expend  the 
same,  is  erroneous.  The  highway  surveyor  is  usually  elected  with- 
out the  first  thought  as  to  his  fitness,  for  the  position.  Often  the 
care  of  all  the  roads  of  a township  is  given  to  the  lowest  bidder, 
and  the  money  is  expended  before  half  the  year  has  expired ; con- 
sequently, the  roads  are  neglected  the  remainder  of  the  time,  to  the 
inconvenience  and  discomfort  of  the  public.  Again,  a large  part 
of  the  money  is  often  spent  where  it  will  affect  most  the  friends 
and  supporters  of  the  man  in  charge,  and  the  more  remote  parts  are 
left  to  themselves.  Political  machines  run  town  affairs  as  well  as 
those  of  a great  nation.  When  an  overseer  has  learned  something 
in  his  term  of  office  the  past  year,  another  takes  his  place,  and 
begins  his  experience  in  repairing  roads  at  the  expense  of  their 
condition.  Every  intelligent  and  candid  mind  will  readily  admit 
that  civil  service  reform  should  be  recognized  in  town  affairs  as 
well  as  in  those  of  a State  or  nation,  and  the  best  men  chosen  for 
the  place,  whether  it  be  framing  the  laws  of  a State  or  repairing  the 
roads  of  a town  ; both  require  men  of  suitable  ability,  knowledge 
and  experience,  and  when  the  place  has  found  the  right  man,  he 
should  be  retained.  It  cannot  be  improper  at  this  time  to  offer  a 
few  suggestions  relating  to  a method  of  management  which,  if 
carried  out,  we  think  would  be  a great  improvement  over  the  old 
method,  the  latter  being  too  well  understood  to  call  for  an 
explanation. 

Not  less  than  three  road  commissioners  should  be  appointed  in 
each  town,  the  latter  being  divided  into  districts.  Every  three  dis- 
tricts should  be  entitled  to  one  commissioner,  and  the  voters  of 
said  districts  should  be  allowed  to  choose  and  elect  their  repre- 
sentatives. The  commissioners  should  be  men  whose  knowledge, 
skill  and  experience  would  duly  warrant  them  the  position,  and 
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upon  them  the  responsibility  of  the  condition  of  the  roads  should 
rest.  Their  respective  duties  should  be  to  travel  over  every  mile 
of  road  in  the  town,  make  a careful  memorandum  of  their  condition, 
estimate  the  probable  cost  of  repairs  on  every  section,  and  the 
advisability  of  such  repairs,  and  report  the  same  at  the  regular 
town  meeting.  The  money  raised  for  road  purposes  should  be 
divided  among  the  districts,  each  receiving  a portion  based  upon 
the  number  of  miles  of  road  in  that  district,  and  the  extent  of 
repairs  necessary  to  be  made  as  reported  by  the  commissioners.  The 
work  of  repairing  and  caring  for  sections  should  be  let  out  to 
different  individuals  on  contracts,  under  the  supervision  of  the 
board  of  overseers.  Should  several  persons  apply  for  the  same 
section,  it  may  be  given  to  the  lowest  bidder  ; but  no  person  hav- 
ing the  care  of  a section  should  be  entitled  to  pay  until  his  work 
is  approved  and  accepted  by  the  board.  No  one  person  should  be 
allowed  to  contract  for  over  five  miles  of  road.  Let  as  many  men 
as  possible  have  a chance  of  acquiring  skill  and  experience  and 
earning  money  by  repairing  roads.  When  ten  or  fifteen  miles  of 
road  are  given  into  the  care  of  one  individual,  repairs  are  often 
delayed,  and  the  public  suffer  inconvenience  and  even  danger  from 
the  delinquency.  Again,  if  roads  are  looked  after  often  and  care- 
fully, slight  repairs  might  be  made  with  very  little  cost,  winch,  if 
left  alone,  would  result  in  great  expense.  No  work  by  the  day 
should  be  given,  and  no  tax  payer  allowed  to  work  out  his  tax  on 
the  road.  Working  on  roads  has  been  regarded  as  a half  holiday ; 
long  stories  are  told,  and  much  time  is  spent  in  idleness.  Let  each 
be  assessed  for  his  tax,  to  be  paid  in  money.  The  indolent  will 
then  be  obliged  to  contribute  his  share,  and  the  burden  will  not  fall 
upon  the  few.  The  old  system  is  wrong  ; and  good  roads,  conven- 
ience and  comfort,  economy  of  carriage,  and  increased  happiness 
of  a country  life,  demand  a change. 
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Massachusetts  Agricultural  College, 
Amherst,  Jan.  8,  1890. 

To  the  Honorable  Senate  and  House  of  Representatives. 

I have  the  honor  herewith  to  transmit  to  your  honorable 
body  the  Twenty-seventh  Annual  Report  of  the  Trustees  of 
the  Massachusetts  Agricultural  College. 

I am,  very  respectfully, 

Your  obedient  servant, 


HENRY  H.  GOODELL. 


CONTENTS. 


Page 

Report  of  Trustees, 7-29 

Notice  of  Charles  Louis  Flint, 7 

Farm  Report, 8-16 

The  Administration, 17 

Equipment, 17,  18 

Labor  Fund, 18 

Experiment  Department, 18-26 

Gifts 27-29 

Report  of  Treasurer, 30-33 

Report  of  Military  Department, 34-37 

Calendar, 38 

Catalogue  of  Faculty  and  Students, 40-45 

Course  of  Study,  46,  47 

Requirements  for  Admission, ’ . 49 

Expenses, 50 

Scholarships, 51,  52 

Equipment, 52-55 


On  the  Use  of  Commercial  Fertilizers, 


56-99 


ANNUAL  REPORT  OF  THE  TRUSTEES 


OF  THE 


MASSACHUSETTS  AGRICULTURAL  COLLEGE. 


To  the  Honorable  Senate  and  House  of  Representatives. 

Since  making  our  last  report  to  your  honorable  body, 
there  has  passed  away  one  who,  from  his  long  connection 
with  the  college  and  his  intimate  relations  to  the  agriculture 
of  the  State,  deserves  more  than  a passing  notice. 

As  secretary  of  the  Board  of  Agriculture,  trustee  and 
president  of  the  Agricultural  College,  and  author  of  various 
standard  works  on  agricultural  topics,  the  name  of  Charles 
Louis  Flint*  will  long  be  remembered  and  revered.  When, 
in  1852,  a State  Board  of  Agriculture  was  created,  he  was 
appointed  its  first  secretary,  and  for  nearly  thirty  years  held 
that  important  office,  issuing  annual  reports  which  have 
served  as  models  in  other  States,  and  for  which  there  is  still 
a constant  demand.  When,  in  1863,  the  Board  of  Trustees 
of  the  Agricultural  College  was  formally  organized,  he  was 
elected  its  secretary,  and  continued  thereafter  for  twenty-two 
years  to  perform  his  duties.  When,  in  1879,  William  S. 
Clark  resigned  the  presidency  of  the  college,  Mr.  Flint 
reluctantly  consented  to  assume  its  responsibilities,  and  for 
a year,  during  perhaps  the  most  stormy  period  of  its  exist- 
ence, guided  it  in  safety  through  the  troubled  waters.  He 
believed  in  the  college  most  thoroughly,  and  emphasized  his 

* Died  Feb.  26,  1889,  at  Hillman,  Ga. 
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convictions  by  both  precept  and  example,  sending  to  it  his  two 
sons  for  education.  Through  all  the  vicissitudes  of  its  earlier 
years  he  was  its  firm  friend,  and  to  him  it  is  deeply  indebted 
for  advice  and  services.  He  gave  it  his  best  efforts,  and  he 
gave  them  cheerfully.  A lecturer  at  the  college,  without 
compensation,  he  presented  the  individual  members  of  its 
first  classes  with  copies  of  each  of  his  works  on  “ Milch 
Cows”  and  “Forage  Plants;”  a president,  without  pay,  he 
gave  his  services  without  a murmur,  asking  for  no  reward 
save  that  arising  from  the  consciousness  of  having  performed 
his  duty ; and  in  almost  the  last  years  of  his  life  he  gave  a 
substantial  token  of  his  interest,  subscribing  a thousand  dol- 
lars to  the  permanent  library  fund  of  the  college. 

Farm  Report. 

Under  the  careful  supervision  of  the  professor  of  agricult- 
ure, the  work  of  alteration  and  improvement  of  the  buildings 
and  farm  has  steadily  gone  on,  and  the  various  sums  appro- 
priated by  the  General  Court  for  that  purpose  have  been 
entirely  expended.  The  manner  in  which  this  has  been  done, 
and  the  general  operations  of  the  past  year,  together  with 
the  condition  of  the  college  herd,  is  clearly  set  forth  in  the 
report  of  Professor  Brooks,  which  I herewith  submit : — 

On  assuming  charge  of  the  agricultural  department  in  the  col- 
lege last  January,  I found  preparations  for  the  next  season’s 
crops  already  measurably  advanced,  as  of  course  they  should  be 
on  every  well-managed  farm  by  that  season  ; and,  on  looking  over 
the  ground,  I did  not  consider  many  changes  feasible  nor  indeed 
desirable.  The  best  possible  under  the  circumstances  had  been 
done.  About  twenty-five  acres  of  land,  in  two  lots  respectively  of 
eight  and  seventeen  acres,  in  the  old  pasture,  had  been  broken  up 
in  the  fall,  and  already  partially  manured  for  field  and  fodder 
corn,  and  potatoes.  No  winter  grain  had  been  sown,  and  there 
was  no  stubble  land  not  sown  to  grass.  The  necessity  of  pastu- 
rage for  our  large  herd  of  cattle  and  flock  of  sheep,  and  the  unde- 
sirability of  breaking  up  any  land  in  front  of  the  college  buildings, 
closely  restricted  me  in  the  selection  of  additional  land  for  cultiva- 
tion. Under  these  conditions,  then,  our  work  was  begun. 

Our  crops  were  few  in  number;  viz.,  corn,  potatoes,  fodder 
corn,  beets  and  hay. 


1890.]  PUBLIC  DOCUMENT  — No.  31. 


9 


Corn. — About  fifteen  acres  of  the  roughest  and  in  many 
respects  the  poorest  part  of  the  old  pasture  west  of  the  ravine 
was  selected  for  this  crop.  As  stated,  this  had  been  ploughed  the 
preceding  fall,  but  quite  imperfectly,  on  account  of  the  stumps 
and  boggy  places.  Indeed,  near  the  stream  was  a large  area 
hardly  half  of  which  could  be  planted.  The  actual  area  under 
cultivation  could  not  have  been  over  twelve  acres,  and  was  prob- 
ably less.  The  greater  part  of  this  received  barnyard  manure  at 
the  rate  of  about  five  cords  per  acre,  spread  as  drawn,  and  mostly 
on  the  snow.  The  .land  was  thoroughly  worked  in  the  spring  with 
disc  harrows,  and  about  one-third  of  it  (the  smoothest)  planted  in 
drills  three  and  one-half  feet  apart,  with  an  old  corn  planter ; the 
balance  was  planted  by  hand,  in  drills  about  three  feet  apart  each 
way.  The  variety  was  an  eight-rowed  yellow  flint  corn.  Very 
little  hand-hoeing  was  done.  Most  of  the  land  was  low  and  natu- 
rally wet,  and  the  season  — as  is  well  known  — was  rainy.  Yet 
the  crop  was  fair  in  amount,  and  of  excellent  quality.  It 
amounted  to  about  five  hundred  bushels  of  shelled  grain  and  about 
twenty-five  tons  of  stover. 

Potatoes. — Two  acres  of  the  highest  and  driest  portion  of  the 
old  pasture  lot  where  we  had  our  corn  was  taken  for  potatoes. 
The  soil  is  a fine  alluvial  sand,  and  very  light.  It  was  prepared 
in  the  same  manner  as  the  corn  land ; but,  in  addition  to  the  barn- 
yard manure,  a part  of  the  potatoes  received  a light  sprinkling  of 
wood  ashes  in  the  row.  The  growth  was  good  until  the  tubers 
were  about  half  grown,  when  the  tops  blighted.  There  was  but 
little  actual  rot ; but  the  yield  was  not  half  what  it  should  have 
been,  amounting  to  only  two  hundred  bushels  of  merchantable 
tubers  and  about  fifty  bushels  of  small  ones. 

Fodder  Corn.  — About  eight  acres  in  the  south-eastern  corner 
of  the  old  pasture  was  taken  for  this  crop.  Much  of  the  land  was 
cold,  heavy  and  wet.  It  had  been  ploughed  well  the  previous 
autumn,  and  received  barnyard  manure  at  the  rate  of  about  nine 
cords  to  the  acre.  This  was  spread  on  during  the  winter  and 
spring,  and  thoroughly  worked  in  with  a disc  harrow.  A favor- 
able time  enabled  us  to  prepare  the  field  well,  and  the  seed  was 
very  satisfactorily  planted,  in  drills  three  feet  apart,  with  an 
“Eclipse  Corn  Planter.”  The  variety  was  an  eight-rowed  yellow 
flint,  such  as  is  commonly  cultivated  for  field  corn  in  this  vicinity. 
I believe  that  experience  has  demonstrated  the  superiority  of 
thinly  planted,  well-manured  fodder  over  the  crowded  and  imma- 
ture article  commonly  grown.  The  bulk  is  less,  but  the  percent- 
age of  nutriment  is  far  greater ; and,  on  equal  areas,  at  least  equal 
food  value  is  produced.  The  stalks  in  our  rows  averaged  about 
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two  and  one-lialf  to  the  foot ; and,  on  all  parts  of  the  field  dry 
enough  for  the  crop,  they  averaged  fully  eight  feet  high,  and 
every  one  bore  a good  large  ear.  The  crop  on  about  three-fourths 
of  the  field  was  good  ; on  the  other  fourth  it  was  drowned  out. 
This  field  was  seeded  to  grass  in  August,  and  a fine  catch  was 
secured. 

The  corn  was  allowed  to  stand  until  the  ears  were  glazed.  It 
was  then  cut  up,  and  most  of  it  allowed  to  wilt  slightly  before  it 
was  hauled  and  put  into  the  silos.  We  used  a “Lion  Fodder 
Cutter,”  run  by  a six  and  one-half  horse-power, engine,  and  got  in 
the  entire  crop  in  four  days.  The  silage  is  estimated  at  eighty 
tons.  The  fodder  was  cut  into  three-eighths  to  one-half  inch 
lengths,  and  kept  level  without  much  treading  except  around  the 
edges.  It  was  covered  first  with  about  a foot  of  cut  straw,  then  a 
layer  of  tarred  building  paper,  then  planks,  and  on  the  planks 
about  one  foot  of  sand  was  placed.  These  silos  have  not  yet  been 
opened,  as  we  are  still  feeding  beets. 

Oats.  — Eight  acres  of  mowing,  west  of  the  dormitories,  drill 
hall  and  barn,  were  broken  up  for  this  crop.  The  field  was 
ploughed  and  harrowed  in  the  ordinary  way,  and  received  no 
manur.e.  Seed  of  two  varieties  — Black  Tartarian  and  Early  Race 
Horse  — was  procured  and  sown  (by  hand)  broadcast*  at  the  rate 
of  two  and  one-half  bushels  per  acre.  The  crop  made  a fine 
growth  ; but  the  season  was  so  unfavorable  that  it  rusted,  and  was 
nearly  a total  failure.  Less  than  one  hundred  bushels  of  very 
poor  oats,  and  eight  tons  of  straw,  were  secured. 

Beets.  — Two  acres  next  east  of  the  oats  were  selected  for  this 
crop.  The  land  was  grass,  which  of  course  made  preparation  for 
such  a crop  as  beets  difficult.  Such  land  would  not  have  been 
taken  had  anything  cultivated  last  year  been  available ; but  there 
was  absolutely  nothing.  We  first  ploughed,  and  then  spread  barn 
cellar  manure  over  one-half  of  the  piece,  and  manure  from  our 
sheep  pen  on  the  other.  These  manures  were  applied  at  the  rate 
of  about  ten  cords  per  acre,  and  thoroughly  fined  and  worked  in 
with  harrows.  The  seed  was  sown  with  a Matthews  seed  sower, 
and  by  great  care  was  got  in  so  that  we  had  a full  and  perfect 
stand.  Up  to  about  the  middle  of  August  the  growth  was  un- 
usually fine ; then  the  leaves  became  somewhat  affected  with 
blight,  and  the  growth  of  the  roots  was  checked.  They  partially 
recovered  later,  but  the  roots  were  doubtless  considerably  smaller 
because  of  this  attack.  Our  crop  amounted  to  about  fifty-five 
tons  of  good  solid  roots. 

Hay.  — But  a very  small  portion  of  our  grass  land  was  top- 
dressed  in  preparation  for  this  year’s  crop,  and  about  thiily  acres 
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of  it,  a part  of  the  old  pasture,  is  newly  seeded,  and  the  catch,  on 
account  of  the  excess  of  water,  was  poor  in  spots.  The  total  area 
gone  over  was  ninety-five  acres  ; and  the  crop  amounted  to  about 
two  hundred  and  seventy-five  tons,  which  was  secured  in  fair  con- 
dition, though  later  than  usual. 

Farm  Stock. — We  have  acquired  by  purchase  during  the  year 
a fine  Southdown  ram,  and  a work  horse  required  to  make  good 
during  the  busy  season  the  place  of  one  of  our  team  mares  which 
foaled  in  June.  We  have  also  received  presents  of  two  very  fine 
Jersey  bulls,  one  a calf,  the  other  a two-year-old,  which  will  be 
found  mentioned  among  the  gifts  to  the  college.  Besides  the 
ordinary  percentage  of  increase  in  neat  cattle,  sheep  and  pigs,  we 
have  this  year  had  two  fine  Percheron  colts,  — one  pure  bred,  the 
other  three-quarters  blood  ; and  these  are  now  fine  blocky  animals. 

Our  live  stock  at  present  consists  of  the  following  animals  : — 

Horses. — One  Percheron  stallion,  one  Percheron  mare,  two 
half-blood  Percheron  mares,  three  geldings  and  two  colts. 

Cattle. — Ayrshires,  four  males,  nine  females;  Shorthorns, 
three  males,  seven  females  ; Holstein-Friesians,  six  males,  eight 
females ; Jerseys,  five  males,  eight  females ; Guernseys,  three 
males,  five  females. 

Southdown  Sheep.  — Four  rams,  six  wethers  and  twenty-five 
ewes. 

Small  Yorkshire  Swine.  — Five  boars,  thirteen  sows  and  twenty- 
three  pigs. 

With  very  few  exceptions,  all  our  cattle  are  registered  or 
eligible  to  registry.  Most  of  the  bulls  of  all  breeds  of  cattle, 
nearly  all  the  rams  and  the  boars,  are  young,  and  there  is  a 
fair  prospect  of  selling  them  at  prices  not  high  but  tolerably 
remunerative.  All  our  animals,  with  few  exceptions,  are  in  a 
very  thrifty  condition,  and  I consider  the  prospects  for  the  com- 
ing year  good. 

Equipment.  — By  the  wise  generosity  of  the  State,  we  have 
been  enabled  during  the  year  to  make  several  important  additions 
in  this  department,  which,  however,  is  still  far  from  what  it  should 
be.  The  additions  are  : two  Concord  wagons,  a Dederick’s  Per- 
petual Hay  Press,  a Lion  Fodder  Cutter,  a Scientific  Farm  Mill,  a 
National  Reversible  Sulky  Plough,  an  Eclipse  Corn  Planter  and  a 
Missouri  Grain  Drill,  besides  the  engine  already  mentioned. 

Permanent  Improvements. 

The  force  of  the  farm  and  my  own  energies  “have  during  the 
past  year  been  largely  employed  in  carrying  out  much-needed 
permanent  improvements,  which  in  one  branch  are  now  measur- 


12 


AGRICULTURAL  COLLEGE. 


[Jan. 


ably  complete.  While,  naturally,  there  is  still  much  to  be  done 
on  the  farm,  the  buildings  have  been  put  into  very  fair  order. 

Building  Improvements  and  Repairs. 

These  affected  the  dairy  room,  the  barn  sheds,  main  barn,  barn- 
yard, farm-house,  and  the  water  works  ; and  upon  all  these  it  has 
been  my  aim  to  have  the  work  done  in  the  most  substantial  and 
thorough  manner. 

Dairy  Room. — This  had  been  in  such  a condition  for  the  last 
year  or  so  that  it  had  been  impossible  to  use  it.  The  Cooley 
creamer  had  been  kept  in  the  old  engine  room.  The  sills,  floor 
timbers  and  flooring  of  the  room  were  rotten,  the  plastering  broken 
and  stained,  and  the  water  supply  so  arranged  that  to  keep  from 
freezing  in  severe  weather  it  was  necessary  to  allow  the  water  to 
run.  The  building  has  been  resilled,  the  old  floor  taken  out  and 
one  of  cement  put  in  its  place,  the  walls  and  ceilings  have  been 
repaired,  and  both  wood  work  and  plastering  have  received  two 
coats  of  paint.  Water  has  been  taken  into  the  house  cellar,  and 
from  thence  supplies  both  the  dairy  room  and  house  kitchen. 
Sewer  connections  also  have  been  established,  so  that  waste  water 
from  the  dairy  is  carried  away  more  directly  than  formerly.  The 
room  is  now  an  excellent  one  for  the  purposes  for  which  it  is 
required. 

Barn  Sheds.  — These  were  sadly  out  of  repair,  far  more  so, 
indeed,  than  was  suspected  before  the  work  began  ; but  a primary 
object  in  view  in  beginning  the  work  was  to  admit  the  sunshine 
into  the  barnyard,  which  wras  almost  completely  shaded  the  greater 
part  of  our  short  winter  days.  To  do  this  it  was  necessary  to 
move  the  south  shed.  This  structure  was  one  hundred  and 
twenty-eight  feet  in  length,  and  it  contained  on  the  first  floor  in 
the  east  end  a shed  for  teams  of  callers,  and  besides  this  four 
horse  stalls,  a small  carriage  house,  a small  tool  room,  a sheep 
pen  and  three  hen  houses  ; moreover,  a driveway  from  the  barn- 
yard passed  through  it.  This  building  has  been  cut  in  two  just 
west  of  this  driveway,  the  east  end  measuring  fifty-six  feet  in 
length.  This  end  has  been  moved  around  and  joined  to  the  main 
barn,  in  place  of  the  small  engine  room  which  stood  there,  that  in 
turn  having  been  moved  and  united  with  the  part  of  the  shed  just 
mentioned  on  its  southern  end.  In  this  old  engine  room  we  now 
have  the  open  shed  accommodation  formerly  afforded  by  the  main 
shed,  while  this  shed  now  includes  a commodious  engine  room, 
six  horse  stalls,’ a harness  room  and  three  box  stalls,  — one  for 
the  stallion  and  two  for  colts.  The  engine  room  is  bricked  up  on 
all  sides,  with  a view  to  safety  from  fire  and  for  'warmth,  and  the 
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floor  is  solidly  cemented.  Door  and  window  casings  and  doors 
are  sheathed  with  galvanized  iron.  The  engine,  a Bookwalter  six 
and  one  half  horse-power  vertical  boiler,  is  solidly  set  on  stone 
foundation.  The  horse  stalls  are  fitted  up  with  iron  stable  fix- 
tures, with  provisions  for  feeding  both  hay  and  grain  from  the 
floor  above,  and  the  loose  boxes  are  similarly  fitted  and  provided. 
On  the  floor  above,  conveniently  located  for  feeding,  a rat-proof 
grain  room  has  been  built,  and  provided  with  bins  of  about  two 
hundred  bushels  capacity.  This  second  floor  also  provides  large 
storage  room  for  hay.  The  remainder  of  the  one  hundred  and 
twent}T-eight  foot  shed  wrhich  stood  south  of  the  barnyard  was 
seventy-two  feet  long  ; and  it  was  moved  directly  west  as  it  stood, 
until  its  east  end  was  flush  with  the  east  side  of  the  shed  wrhich 
stands  west  of  the  barnyard.  The  lay  of  the  land  was  such  that 
the  construction  of  a basement  under  the  shed  moved  promised  to 
be  easy ; and,  as  room  for  storage  of  vehicles  and  machinery  was 
much  needed,  it  was  decided  to  provide  it  in  this  way.  This 
basement  is  seventy-two  by  twenty-six  feet,  and  eight  feet  high. 
It  opens  by  five  pairs  of  folding  doors  nearly  the  full  length  on 
the  south  side,  and  the  floor  which  is  on  the  same  grade  as  the 
carriage  yard  south  of  it  is  solidly  cemented.  On  the  first  floor  of 
the  shed  proper  we  have  a large  tool  room,  a repair  shop,  a sheep 
pen,  and  one  large,  loose  box,  which  will  be  warmed  by  liot-water 
pipes  for  hospital  purposes.  The  second  floor  is  to  be  used  for 
hay.  In  both  parts  of  the  shed  moved  a large  part  of  the  sills 
and  floor  timbers  were  found  rotten,  and  these  were  taken  out  and 
new  ones  put  in  their  places. 

West  Shed.  — It  was  not  anticipated  that  the  work  on  this  would 
cost  much ; but  all  the  floor  timbers,  floors  and  sills  required 
replacing,  and  the  work  wras  expensive.  This  shed  included  six 
pig  pens,  three  loose  boxes  and  a swill  room.  Besides  these,  the 
w’hole  of  one  end  was  used  as  a passage  to  and  from  the  yard  for 
the  cows  and  other  cattle.  The  passage  was  put  under  this  end 
instead  of  through  it ; and  in  its  place,  by  encroaching  slightly  on 
the  swrill  room,  a good  loose  box  was  secured.  Under  the  swill 
room  we  excavated  a cellar  for  vegetables  and  heating  apparatus, 
as  it  is  believed  that  it  will  pay  to  slightly  warm  the  piggery  in  the 
severest  winter  weather.  Moreover,  we  want  to  be  able  to  warm 
a few  box  stalls.  Besides  this,  the  west  wall  of  the  piggery  was 
sheathed  up  on  the  inside,  a layer  each  of  building  paper  and 
matched  boards  being  used.  This  has  always  been  exceedingly 
cold  in  winter,  but  must  now  even  without  artificial  heat  prove 
very  much  warmer.  The  old  partitions,  floors  and  troughs  of  the 
pig  pens  were  replaced  with  new,  the  swill  room  floor  relaid,  and 
this  room  supplied  with  a sink. 
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The  general  result  of  our  changes  in  these  sheds  may  be  thus 
summed  up  : a gain  of  five  loose  boxes,  three  horse  stalls,  a 
harness  room,  a repair  shop,  a grain  room,  the  entire  basement 
and  small  cellar ; a further  gain  of  one-fourth  in  the  size  of  the 
sheep  pen,  a tool  room  double  the  size  of  the  old  one,  and  a much 
larger  engine  room ; and  all  at  the  expense  simply  of  two  drive- 
ways through  the  sheds  (now  one  better  provided  for  and  the 
other  unneeded),  three  hen  houses,  and  a small  carriage  room. 
In  connection  with  this  work,  water  has  been  brought  into  the 
new  sheep  pen,  the  new  cellar  and  the  swill  room  ; and  a new  waste 
pipe  from  the  water  trough  in  the  yard,  and  for  these  new  points 
of  supply,  has  been  laid  and  connected  with  one  of  the  lines  of 
tiles  in  our  new  drainage  system  presently  to  be  described. 
Around  the  yard  a new  fence  has  been  built.  Further,  all  the 
barn  sheds  have  been  reshingled,  and  both  main  barn,  sheds  and 
yard  fence,  as  well  as  the  farm-house,  have  been  painted. 

Silos.  — In  the  east  end  of  the  barn  proper  two  capacious  silos 
have  been  substantially  constructed.  These  occupy  the  space 
formerly  used  for  roots  and  sand  storage,  but  extend  down  one 
story  further,  viz.,  to  the  cellar  bottom.  They  reach  from  this  to 
the  level  of  the  main  floor  of  the  barn,  which  makes  them  about 
eighteen  feet  deep,  and  each  measures  nine  by  fourteen  feet  inside. 
The  lower  walls  are  of  stone  and  cement,  but  above  are  of  timber 
and  boards.  They  are  substantially  and  very  strongly  built,  the 
inner  lining  wall  being  composed  of  two  layers  of  inch  boards, 
matched  and  breaking  joints,  with  a layer  of  building  paper 
between.  Provision  is  made,  by  the  use  of  a temporary  crib 
placed  above  the  permanent  walls  when  filling,  for  securing  silos, 
which  shall  be  full  even  after  settling.  Movable  floor  timbers  and 
planks  are  readily  put  in  place  as  the  silage  settles,  and  we  are 
thus  enabled  to  use  the  space  above  each  silo.  Above  one  of  the 
silos  a room  for  heavy  barn  machinery  has  been  built,  while  the 
space  above  the  other  affords  standing  room  for  machinery,  such 
as  hay  press  and  thresher  when  in  use.  The  silage  may  be  taken 
out  through  a door  between  each  silo  and  the  cattle  floor. 

To  compensate  for  the  space  taken  out  of  the  root  cellar,  the 
remnant  of  the  latter  was  deepened  by  taking  out  the  old  floor, 
which  was  on  a level  with  the  cattle  floor,  thus  allowing  the  root 
cellar  to  extend  down  to  the  floor  of  the  main  cellar,  about  nine 
feet  deeper  than  formerly.  Drainage  is  perfect,  and  the  roots  are 
keeping  well  in  this  cellar  this  winter. 

We  have  also  relaid  a large  portion  of  the  retaining  wall  on  the 
south  side  of  the  west  driveway  to  the  main  barn  floor,  and  all  of 
the  foundation  wall  under  the  end  of  the  shed  just  opposite. 
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Land  Improvement. 

The  chief  work  of  this  year  has  been  in  underdraining  that  part 
of  the  lower  slope  west  of  the  college  buildings  and  barn  most 
imperatively  requiring  it,  and  a part  of  the  old  pasture  below, 
though  this  has  not  been  the  only  work.  The  brush  and  trees  have 
been  cut,  and  the  greater  part  of  the  stumps  gotten  out,  of  about 
three  acres  more  of  the  old  pasture  lying  to  the  north  of  that 
previously  cleared,  and  a large  quantity  of  the  stumps  got  out  last 
year  have  been  repiled  and  burned.  We  have  also  put  in  about 
sixty  rods  of  open  ditch,  straightened  and  deepened  the  brook  for 
about  the  same  distance,  and  built  eighty  rods  of  rail  fence  for 
temporary  purposes.  These  operations  need  no  particular  descrip- 
tion, but  a brief  account  of  our  drainage  operations  may  be  of 
interest. 

Underdrainage. — Previous  to  the  operations  of  this  year,  con- 
siderable work  of  a makeshift  character  had  been  performed  on 
the  fields  which  we  undertook  to  drain,  and  one  line  of  three  to 
six  inch  tiles  had  been  put  in,  with  a view  to  service  as  a main  in 
systematic  work.  It  was,  however,  found  to  be  too  small  for  the 
work  which  wrould  be  required  of  it ; and,  although  we  used  it  in 
so  far  as  possible,  we  finally  put  in  independent  lines  as  outlets 
for  most  of  our  new  drains.  There  were  about  thirty-four  hundred 
feet  of  drains,  varying  in  size  from  three  to  seven  inches,  already 
in  operation  before  we  began  work  ; but  these  were  wholly  inade- 
quate to  lay  the  land  dry. 

From  August  to  December  we  put  in  tiles  as  follows  : — 


10  inch  tiles, 
8 inch  tiles, 
4-8  inch  tiles, 
2 inch  tiles, 


1,300  feet. 

800  feet. 
4,500  feet. 
21,300  feet. 


This  makes  a total  of  27,900  feet,  which  equals  1,691  rods,  or 
five  miles  and  ninety-one  rods  of  ditch  dug  and  filled.  When  it  is 
further  stated  that  the  average  depth  is  fully  three  and  one-half 
feet,  and  that  the  greater  portion  has  been  dug  through  a solid 
clayey  soil  requiring  considerable  picking,  the  amount  of  work  will 
be  in  a measure  appreciated. 

The  drains  affect  and  drain  thoroughly  the  greater  part  of  a 
tract  about  fifteen  hundred  feet  long  and  nine  hundred  feet  wide, 
or  thirty-one  acres  in  all.  The  part  most  thoroughly  drained  con- 
tains laterals  distant  from  thirty  to  forty  feet  from  each  other,  and 
parallel.  These  laterals  are  in  four  systems,  each  with  its  inde- 
pendent main. 
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One  system  embraces  the  lower  slope  of  the  old  fields.  Here 
the  laterals  run  obliquely  up  the  hill,  and  are  thirty  feet  apart. 
There  are  8,614  feet  of  tile,  thorough-draining  about  six  and  one- 
fourth  acres,  which  up  to  this  time  has  much  of  it  been  so  boggy 
horses  always  mired  there.  Then  next  below  this  is  a second  sys- 
tem, taking  in  about  four  acres  of  the  springiest  part  of  the  old 
pasture.  The  lines  here  run  diagonally  up  the  slope,  and  are 
forty  feet  apart.  They  aggregate  5,740  feet.  Still  further  west 
is  another  system,  in  about  five  acres  of  the  more  nearly  level  part 
of  the  old  pasture  lot.  Here  the  drains  are  forty  feet  apart,  and 
aggregate  6,426  feet.  In  each  of  these  three  systems  the  laterals 
discharge  into  a main,  the  general  direction  of  which  is  north  and 
south.  The  fourth  system  embraces  the  south-eastern  corner  of 
the  old  pasture,  a portion  upon  wThich  the  fodder  corn  this  year 
amounted  to  nothing.  This  tract  is  one  and  one-half  acres  in 
extent,  and  contains  twenty-one  hundred  feet  of  tiles,  in  lines 
thirty  feet  apart. 

In  this  work  we  have  used  round  tiles  without  collars,  and  have 
covered  the  joints  with  strips  of  tarred  paper  in  the  usual  manner. 
Junctions  between  laterals  and  mains  have  been  made  by  the  use 
of  Y branch  tiles  made  for  the  purpose.  These  make  a very 
secure  joint,  not  likely  to  get  out  of  order. 

Very  much  of  the  ditching  for  this  work  has  been  done  by  the 
students  working  under  the  provision  of  the  “ Labor  Fund,”  but 
for  which  our  operations  must  have  been  far  less  extensive. 

Besides  the  tile  drain  of  which  I have  spoken,  an  open  ditch 
has  been  put  in  at  the  foot  of  the  slope  just  above  the  road  lead- 
ing to  the  pasture  at  the  north  side  of  the  farm.  The  laterals  of 
the  first  system  described  cross  this  one  foot  below  the  level  of  its 
bottom,  and  may  be  expected  to  do  most  of  the  work  ; but  the 
open  ditch  will,  it  is  believed,  prove  useful  in  arresting  surface 
water  in  times  of  great  abundance. 

The  water  which  falls  into  this  ditch  is  conducted  to  a silt  well, 
from  which,  after  depositing  its  sediment,  the  overflow  is  taken 
away  through  an  eight-inch  line  of  tiles.  It  is  anticipated  that 
this  arrangement  will  prevent  the  overflow  of  the  comparatively 
flat  land  below. 

For  valuable  engineering  assistance  in  this  work  I am  greatly 
indebted  to  Mr.  F.  S.  Cooley,  a graduate  of  1888;  and  for  wise 
practical  oversight  and  advice  I am  further  much  indebted  to  Mr. 
David  Wright,  the  farm  foreman. 

Wm.  P.  Brooks, 

Professor  of  Agriculture. 

Amherst,  Jan.  1,  1890. 
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The  Administration. 

Several  changes  have  occurred  in  the  personnel  of  the 
faculty  during  the  past  year.  The  detail  of  Lieut.  George 
E.  Sage  having  expired,  he  was  recalled  to  his  regiment  at 
the  close  of  the  collegiate  year,  and  First  Lieut.  Lester  W. 
Cornish  of  the  Fifth  U.  S.  Cavalry  has  been  detailed  in  his 
place.  He  reported  for  duty  September  3.  The  recom- 
mendations made  in  his  report,  especially  those  respecting  the 
lighting  of  the  college  buildings  and  their  better  ventilation, 
are  respectfully  referred  to  your  consideration. 

The  English  department  has  been  greatly  strengthened  by 
the  appointment  of  Mr.  George  F.  Mills,  a teacher  of  long 
experience  and  brilliant  reputation,  who  has  been  for  a num- 
ber of  years  principal  of  one  of  the  most  flourishing  schools 
in  the  State. 

The  veterinary  chair  has  not  yet  been  permanently  filled, 
but  provision  has  been  made  for  the  ensuing  year  by  the 
appointment  of  two  lecturers,  both  graduates  of  the  college. 
Dr.  Austin  Peters,  of  the  class  of  ’81,  will  lecture  on  the 
hygiene  and  care  of  stock,  and  certain  of  the  germ  diseases 
to  which  he  has  paid  particular  attention.  Dr.  Peters  is  a 
graduate  of  the  American  Veterinary  College  of  New  York, 
and  also  of  the  Royal  Veterinary  College  of  London,  Eng- 
land. He  has  been  for  several  years  veterinarian  to  the 
Massachusetts  Society  for  Promoting  Agriculture.  Dr. 
James  B.  Paige,  of  the  class  of  ’82,  will  lecture  on  the 
anatomy  and  physiology  of  the  domestic  animals,  and  the 
general  subject  of  diseases  and  their  prevention.  He  re- 
ceived his  education  at  the  Veterinary  College  in  Montreal, 
Canada,  and  has  been  since  graduation  a successful  practi- 
tioner in  the  city  of  Northampton. 

Equipment. 

There  is  greatly  needed  in  the  veterinary  department  a 
set  of  clastic  models  for  use  in  the  class  room.  The  college 
has  no  facilities  for  dissection,  but  every  student  ought  to 
have  the  opportunity  of  examining  carefully  the  different 
organs  of  the  body  in  position.  In  no  other  way  can  he 
become  familiar  with  their  location  and  use.  As  the  student 
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of  human  anatomy  and  physiology  turns  to  the  skeleton  and 
manikin,  studying  each  part  separately  and  in  relation  to 
the  other  parts  of  the  body,  so  the  student  of  comparative 
anatomy  should  have  the  facilities  for  becoming  familiar  with 
the  structure  of  the  domestic animals . Models  of  the  horse, 
of  the  cow  in  labor,  of  the  leg  and  hoof,  of  the  different 
organs  of  the  body,  are  to  be  obtained  abroad  and  are  used 
in  all  the  foreign  veterinary  schools ; but,  as  the  demand  is 
limited,  the  price  is  correspondingly  high.  Can  the  State 
more  judiciously  expend  a few  thousand  dollars  than  in 
supplying  these  aids  to  instruction  in  the  class  room,  and  in 
increasing  the  facilities  of  the  library?  In  these  days  of 
specialized  work,  there  is  a constant  and  growing  demand 
for  the  latest  publications  in  every  department,  and  the 
teacher  can  no  more  afford  to  be  without  them  than  the  car- 
penter can  his  chisel  or  his  saw.  The  very  best  are  needed 
on  all  the  live  topics  of  the  day.  The  profession  of  agricult- 
ure is  broad,  and  touches  every  art  and  every  science ; and 
nothing  short  of  the  very  best  should  be  furnished  to  the 
inquiring  student.  The  library  now  numbers  9,160  volumes. 
During  the  last  year  there  have  been  taken  out  for  consulta- 
tion and  use  2,504,  an  average  of  eighteen  to  each  student; 
and  these  not  the  ordinary  run  of  books  drawn  from  libraries 
(for  the  college  library  contains  hardly  fifty  volumes  of 
fiction),  but  sound,  healthy  books  of  instruction. 

The  Labor  Fund. 

This  has  been  administered  with  the  greatest  care,  and 
only  those  entitled  to  receive  its  benefits  have  been  placed 
upon  its  list.  Since  its  establishment,  by  act  of  the  last 
Legislature,  fifty-eight  students  have  received  aid  under  its 
provisions.  In  no  way  can  the  State  better  assist  its  deserv- 
ing young  men  to  acquire  an  education  than  by  giving  them 
this  opportunity  to  earn  it  by  their  own  labor. 

Experiment  Department. 

The  general  policy  of  the  station  has  been  to  furnish 
information  on  such  subjects  as  were  uppermost  in  the  minds 
of  the  public,  and  to  take  up  the  investigations  of  such 
questions  as  were  of  practical  importance.  The  quarterly 


1890.]  PUBLIC  DOCUMENT  — No.  31. 


19 


bulletins  are  therefore  an  index  of  the  general  correspondence 
carried  on  through  the  year  in  this  State.  In  conformity  to 
this  policy,  experiment  has  been  made  of  the  different 
methods  of  heating  green-houses,  soil  tests  have  been  under- 
taken, and  information  disseminated  on  such  insects  as  were 
at  the  time  most  injurious  in  their  depredations.  That  this 
has  met  the  requirements  of  the  State  would  seem  to  be 
indicated  by  the  steady  and  increasing  demand  for  our  bul- 
letins. The  edition  of  sixty-five  hundred  in  January,  1889, 
has  been  increased  with  successive  issues,  till  that  of  January, 
1890,  numbered  ten  thousand.  Four  regular  bulletins  have 
been  sent  out  over  the  State  ; and  a special  one  from  the  ento- 
mological division,  of  twenty-three  thousand  copies,  local  in 
its  character,  to  every  tax-payer  in  the  towns  of  Medford, 
Everett,  Stoneham,  Winchester,  Malden  and  Somerville. 
A dangerous  insect  pest,  of  foreign  origin,  more  feared 
abroad  than  the  potato  beetle  here,  suddenly  made  its 
appearance  in  West  Medford,  and  threatened  spreading  over 
the  entire  State.  To  give  information  respecting  the  appear- 
ance and  habits  of  this  moth,  the  danger  of  permitting  it  to 
get  a foothold,  and  the  best  remedies  to  be  used  in  combat- 
ing it,  a bulletin  was  sent  to  each  tax  payer  in  the  infested 
district  and  the  towns  immediately  adjoining.*  In  view  of 
the  fact  that  this  moth  is  wonderfully  prolific,  the  female 
laying  from  four  hundred  to  five  hundred  eggs ; that  its 
appetite  is  almost  omniverous,  the  list  of  its  food  plants 
ranging  from  cabbage,  strawberry  and  corn  up  to  the  cherry, 
quince,  apple,  elm,  maple  and  oak;  and  that  it  has  now 
“multiplied  to  such  an  extent  as  to  cause  the  entire  de- 
struction of  the  fruit  crop,  and  also  to  defoliate  the  shade 
trees  in  the  infested  region,”  — it  would  seem  judicious  for 
the  State  authorities  to  take  some  effective  means  for  stamp- 
ing it  out,  and  preventing  its  further  spread. 

Additions  to  the  equipment  of  the  various  departments 
have  been  made  during  the  year,  and  these,  together  with 
an  outline  of  the  work  undertaken,  will  be  briefly  sum- 
marized in  the  several  reports. 

* It  is  with  pleasure  that  we  record  here  our  indebtedness  to  the  Secretary  of 
the  Board  of  Agriculture.  But  for  his  generous  assistance,  we  should  have  been 
unable  to  meet  the  additional  expense  involved  in  the  publishing  of  so  large  an 
edition  of  an  extra  bulletin. 
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Division  of  Agriculture. 

A barn  has  been  completed  for  special  work  in  questions 
affecting  the  dairy  interests,  and  for  all  general  work  involved 
in  the  handling  of  crops  under  experiment,  and  the  mixing, 
weighing  and  measuring  of  fertilizers.  It  consists  of  a 
main  structure,  43  by  37  feet,  containing : a cellar  for  roots, 
22  by  27  feet;  a silo,  8 by  12  by  20  feet ; hay  scales  of  six 
thousand  pounds  capacity ; an  office  and  record  room ; 
separate  rooms  for  grain,  seed  and  fertilizers;  an  L 21  by 
36  feet,  with  stalls  for  feeding  experiments  ; an  L 19  by  12 
feet,  for  dairy  and  heating  purposes. 

The  investigations  of  the  year  have  been  : — 

1.  Soil  tests  with  fertilizers,  upon  the  grounds  of  the 
station  and  in  ten  of  the  leading  agricultural  counties  of  the 
State. 

2.  Conditions  affecting  the  value  of  the  calf’s  stomach  for 
rennet. 

3.  Use  of  different  styles  of  hay  caps. 

4.  Use  of  water  in  varying  amounts  upon  grass  of  differ- 
ent degrees  of  dryness. 

5.  Fertilizers  (variously  compounded  and  applied)  com- 
pared with  stable  manure  for  grass,  — influence  upon  both 
quantity  and  quality  of  product. 

6.  Test  of  Colcord’s  “ Silo  Governor.” 

7.  Preservation  of  corn  stover  in  the  silo. 

8.  Comparison  of  varieties  of  corn  for  ensilage,  — 
“ Sweet  Fodder,”  “ Amber  Cream  Sweet,”  and  “ Sanford’s 
White  Flint.” 

9.  Test  as  to  adaptation  to  our  soil  and  climate  of  Japan- 
ese seeds.  (Bulletin  No.  7. ) 

10.  Variety  tests:  sorghum,  seven  varieties;  corn,  two 
varieties ; upland  rice,  one  variety  ; oats,  two  varieties. 

Division  of  Horticulture. 

But  little  addition  has  been  made  in  equipment,  except  in 
the  way  of  adding  all  the  new  and  promising  varieties  of 
both  large  and  small  fruits  that  could  be  easily  obtained. 
Experiment  through  the  year  has  been  made  in  the  following 
directions  : — 

1.  Protection  of  peach  buds  from  injury  by  cold. 
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2.  Comparative  value  of  different  materials  in  the  con- 
struction of  green-house  walls.  (Bulletin  No.  4.) 

3.  Comparative  value  of  steam  and  hot  water  for  heating 
green-houses.  (Bulletins  Nos.  4 and  6.) 

4.  Evaporated  sulphur  for  the  destruction  of  red  spiders, 
mildews  of  the  rose,  lettuce  and  chrysanthemum,  and  rust  on 
violets  and  carnations.  (Bulletin  No.  4.) 

5.  Testing  new  varieties  of  fruits,  vegetables  and  flowers. 
(Bulletins  Nos.  4,  6 and  7.) 

6.  The  comparative  value  of  Eastern  and  Western  grown 
seed  sweet  corn  for  New  England  growers.  (Bulletin  No.  7 . ) 

7.  The  effect  of  girdling  vines  upon  the  amount  of  sugar, 
acid  and  water  in  the  grape.  (Bulletin  No.  7 ) 

8.  Use  of  insecticides  and  fungicides  upon  the  potato. 
(Bulletin  No.  7.) 

9.  Remedies  for  the  black  wart  upon  the  plum.  (Bul- 
letin No.  4.) 

Division  of  Vegetable  Pathology. 

Investigations  have  been  carried  on  through  the  year  of 
the  fungous  diseases  of  plants,  and  report  has  been  made  on 
the  following  subjects  : — 

1.  The  black-spot  of  rose  leaves.  (Bulletin  No.  6.) 

2.  The  black-knot  of  the  plum.  (Bulletin  No.  6.) 

3.  The  potato  blight  and  rot.  (Bulletin  No.  6.) 

Division  of  Entomology. 

An  insectary  has  been  added,  for  the  breeding  of  all  in- 
sects discovered  on  all  useful  plants,  and  for  experiment 
with  various  insecticides.  It  is  a story  and  a half  building, 
28  by  20  feet,  with  a green-house  attached,  18  by  22  feet, 
divided  into  a hot  and  a cold  house.  On  the  first  floor  of  the 
main  building  are  an  office,  a laboratory  and  an  insecticide 
room  ; on  the  floor  above,  two  store  rooms ; and  in  the  base- 
ment, a pupa  room  and  the  hot- water  heating  apparatus. 

The  policy  of  the  department  has  been  to  learn  the  life  his- 
tory and  means  of  combating  those  insects  which  have  been 
most  common  and  troublesome  in  the  State,  as  indicated  by 
correspondence.  Report  has  therefore  been  made  exclu- 
sively on  those  respecting  which  inquiry  has  been  made, 
namely  : — 
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1.  The  buffalo  carpet  beetle.  (Bulletin  No.  5.) 

2.  The  pitchy  carpet  beetle.  (Bulletin  No.  5.) 

3.  The  larder  or  bacon  beetle.  (Bulletin  No.  5.) 

4.  Clothes  moths.  (Bulletin  No.  5.) 

5.  Ants.  (Bulletin  No.  5.) 

6.  The  gypsy  moth.  (Special  Bulletin,  and  No.  7.) 

7.  Tuberculosis  in  the  domestic  animals.  (Bulletin 
No.  3.) 

Division  or  Meteorology. 

The  observatory  is  equipped  with  the  following  instruments  : 
Draper’s  self-recording  barometer,  Draper’s  self-recording 
anemometer,  Draper’s  self-recording  anemoscope,  Draper’s 
self-recording  force  of  wind,  Draper’s  self-recording  sun  ther- 
mometer, Draper’s  self-recording  wet  and  dry  thermometer, 
Draper’s  self-recording  thermograph,  Draper’s  self-recording 
rain  gauge,  two  sets  of  common  thermometers,  maximum  and 
minimum  thermometers,  hygrometers,  ozometer,  and  a few 
other  instruments  of  minor  importance. 

The  work  in  this  department  comprises  thus  far  investi- 
gations in  atmospheric  pressure  ; temperature  at  different 
heights ; precipitation  and  relative  humidity  at  different  ele- 
vations ; direction,  velocity  and  pressure  of  wind  ; percentage 
of  cloudiness ; various  systems  of  clouds,  their  movement 
and  direction  ; amount  of  sunshine  and  temperature  in  sun. 
There  is  kept  a full  record  of  heavy  and  light  dews,  hard 
and  light  frosts,  halos,  coronse,  storms,  and  all  natural  phe- 
nomena. In  short,  a full  and  careful  history  of  each  day  is 
written  down  and  placed  in  the  observatory  for  future  ref- 
erence, in  order  that  data  may  be  collected  for  determining 
the  general  character  of  climate,  and  the  periodic  recurrences 
of  certain  natural  phenomena  in  the  vicinity  of  the  station. 
In  addition  to  this,  monthly  bulletins  are  issued,  recording 
for  each  day  the  meteorological  phenomena  observed.  In 
the  recent  division  of  the  country  into  districts,  to  promote 
the  efficiency  of  the  United  States  Signal  Service  in  making 
local  weather  predictions,  this  station  has  been  selected  to 
co-operate  in  the  work  of  the  New  England  division,  and 
furnish  data  to  Lieut.  John  P.  Finley,  the  officer  in  charge. 

The  atmospheric  conditions,  as  shown  by  the  accompanying 
graphic  charts  of  temperature,  rainfall  and  sunlight,  have 


Chart,  showing  Maximum,  Minimum  and  Monthly  Range  of  Temperature. 
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been  very  unfavorable  for  securing  the  best  results.  The 
continued  low  temperature,  the  excessive  moisture,  and  the 
lack  of  sunshine,  have  had  their  effect  on  the  ripening  of 
crops,  and  necessitated,  in  several  instances,  the  postpone- 
ment of  lines  of  investigation  to  a more  favorable  season. 


Chart,  showing  amount  of  Precipitation. 


Chart  Showing  Percentage  of  Cloudiness. 
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TREASURER’S  REPORT. 


Frank  E.  Paige,  Treasurer  Hatch  Experiment  Station  of  Massachu- 
setts Agricultural  College,  for  the  fiscal  year  ending  June  30, 1889 . 


Cash  received  of  United  States  Treasurer,  . 

. $15,000 

00 

Cash  received  from  sale  of  produce,  . 

8 

60 

Incidental  expenses, 

. $2,848 

02 

Labor, 

. 3,273 

43 

Travelling  expenses, 

218 

86 

Supplies,  . . . ' . 

957 

45 

Scientific  instruments, 

946 

41 

Salaries, 

. 4,156 

68 

General  fittings, 

407 

67 

Printing, 

. 1,251 

59 

Library,  

602 

61 

Postage  and  stationery,  .... 

74 

12 

Freight  and  express, 

89 

48 

Chemical  apparatus, 

182 

28 

$15,008  60 


I,  the  undersigned,  duly  appointed  auditor  for  the  corporation,  do 
hereby  certify  that  I have  examined  the  books  and  accounts  of  the  Hatch 
Experiment  Station  of  the  Massachusetts  Agricultural  College  for  the 
fiscal  year  ending  June  30,  1889,  and  have  found  the  same  well  kept 
and  correctly  classified  as  above ; and  that  the  receipts  for  the  time 
named  are  shown  to  be  $15,008.60,  and  the  corresponding  disbursements 
$15,008.60  ; all  of  the  proper  vouchers  are  on  file  and  have  been  by  me 
examined  and  found  correct,  there  being  no  balance  to  be  accounted  for 
in  the  fiscal  year  ending  June  30,  1889. 

[Signed]  ’ J.  Howe  Demond,  Auditor. 


Amherst,  Dec.  31,  1889. 

I hereby  certify  that  the  foregoing  is  a true  copy  from  the  books  of 
account  of  the  Hatch  Experiment  Station  of  the  Massachusetts  Agri- 
cultural College. 

Frank  E.  Paige,  Treasurer. 


Amherst,  Jan.  4,  1890. 

I hereby  certify  that  Frank  E.  Paige  is  the  treasurer  of  the  Massachu- 
setts Agricultural  College,  and  that  the'above  is  his  signature. 

Henry  H.  Goodell, 

[Seal]  President  Massachusetts  Agricultural  College. 
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Gifts. 

From  John  E.  Williams  (M.  A.  C.,  ’76)  of  Amherst,  — Studer’s 
Birds,  2 volumes  miscellaneous. 

Col.  Henry  L.  Russell  of  Milton, — Jersey  bull  calf,  out 
of  imported  Miss  Park  No.  5,  and  sired  by  Wonder  in 
the  Island  of  Jersey. 

John  R.  Brewer,  Esq.,  of  Hingham, — Jersey  bull  Dom 
Pedro  Torment,  21308,  sired  by  the  celebrated  prize- 
taker  Snappitt,  13395. 

The  Bowker  Fertilizer  Company  of  Boston,  — Samples 
of  fertilizers,  and  materials  used  in  their  manufacture. 

The  Williams  Bros.  Manufacturing  Company  of  Naubuc, 
Conn.,  — Mowing-machine  knife  grinder. 

Wm.  A.  Macleod  (M.  A.  C.,  ’76)  of  Boston,  — Lifting 
machine. 

Miss  Mary  B.  Merriam  of  Greenwood,  — Case  of  wools. 

Estate  of  Henry  Colt  of  Pittsfield,  — Five  hundred  dollars 
for  permanent  library  fund. 

Wm.  H.  Bowker  (M.  A.  C.,  ’71)  of  Boston,  — One  hun- 
dred and  fifty  dollars  for  permanent  library  fund. 

Massachusetts  Society  for  Promoting  Agriculture,  of 
Boston, — Two  hundred  dollars  in  aid  of  insectary. 

J.  D.  W.  French,  Esq.,  of  Boston,  — 5 volumes  “ American 
Farmer,”  7 volumes  u Gardener’s  Monthly,”  7 miscel- 
laneous volumes. 

Dr.  Daniel  Draper  of  New  York  City,  — 9 volumes  annual 
reports  of  New  York  Meteorological  Observatory. 

City  of  Boston,  — 17  volumes  reports  of  Record  Commis- 
sioners of  city  of  Boston. 

Hiram  Kendall  (M.  A.  C.,  ’76)  of  Providence,  R.  I., — 
Rhetorical  prizes  for  year  1890. 

Col.  Henry  W.  Wilson  of  South  Boston,  — 4 volumes 
Suffolk  Deeds. 

A Friend,  — Package  of  pamphlets  on  vivisection. 

Mrs.  Wm.  S.  Clark  of  Newton,  — The  following  Japanese 
articles  and  implements  : Three  farmer’s  hats  (differ- 

ent kinds)  ; one  straw  rain  coat ; one  pair  mittens  ; 
one  rain  hat ; one  plough  ; one  wood  saw  ; one  bamboo 
rake  ; one  hoe  ; one  pair  snow  shoes  ; one  set  straw 
horse  shoes  ; one  pair  scissors ; smoking  stand  and 
furniture,  candlesticks,  etc.  ; one  suit  armor ; samples 
of  nails  ; carpenter’s  saw.  Aino  articles  : One  weav- 

ing kit ; two  garments  made  from  bast  fibres  of  elm 
and  other  barks  ; straw  matting  ; one  Aino  apron  ; two 
pairs  leggings  ; one  moustache  lifter. 


AGRICULTURAL  COLLEGE. 


28 


[Jan. 


From  A.  I.  Root  of  Medina,  Ohio,  — Volume  16  of  “Gleanings 
in  Bee  Culture.” 

President  Henry  E.  Alvord  of  Agricultural  College, 
Maryland,  — 3 volumes  miscellaneous  subjects. 

Dr.  E.  L.  Sturtevant  of  South  Framingham,  — “Bibli- 
ography of  Agriculture,”  in  manuscript. 

Dr.  E.  F.  Brush  of  Mount  Vernon,  N.  Y.,  — “Bovine 
Tuberculosis.” 

W.  E.  Stone  (M.  A.  C.,  ’82)  of  Lafayette,  Ind.,  — Mis- 
cellaneous papers. 

Wm.  J.  Stewart  of  Boston,  — Second,  third  and  fourth 
Annual  Proceedings  of  Society  of  American  Florists. 

Dr.  W.  Maxwell  of  Cambridge,  — “Constitution  of  the 
Legumes.” 

E.  L.  Bass  of  Randolph,  Vt.,  — 19  volumes  reports  of 
Vermont  Dairyman’s  Association. 

Miss  Eleanor  A.  Ormerod  of  Spring  Grove,  England,  — 
4 volumes  on  insects. 

Hon.  John  E.  Russell  of  Leicester,  — 12  volumes  of 
“Farmer’s  Magazine,”  1852-57. 

Prof.  Chas.  H.  Fernald  of  Amherst,  — 2 volumes  mis- 
cellaneous subjects. 

Dr.  A.  G.  Young  of  Augusta, . Me.,  — Annual  reports  of 
Maine  State  Board  of  Health,  1885-88. 

Dr.  Frederick  Tuckerman  (M.  A.  C.,  ’78)  of  Amherst, — 
General  index  of  reports  of  agriculture  of  Massachu- 
setts. 

Dr.  J.  A.  Lintner  of  Albany,  N.  Y., — Fourth  and  fifth 
reports  of  injurious  insects  of  New  York,  2 volumes 
miscellaneous. 

J.  E.  Pond,  Esq.,  of  North  Attleborough,  — 6 volumes 
bee  journals. 

C.  M.  Winslow,  Esq.,  of  Brandon,  Vt.,  — Seventh  volume 
of  “Ayrshire  Record.” 

Wm.  P.  Brooks  (M.  A.  C.,  ’75)  of  Amherst,  — “ Aino 
Studies.” 

Hon.  Chas.  Whitehead  of  London,  England,  — First  and 
second  annual  reports  of  “ Agricultural  Adviser.” 

Hon.  William  Whiting  of  Holyoke,  — 6 volumes  govern- 
ment publications. 

Hon.  Rodney  Wallace  of  Fitchburg,  — 5 volumes  govern- 
ment publications. 

Chas.  S.  Plumb  (M.  A.  C.,  ’82)  of  Knoxville,  Tenn., — 
2 volumes  miscellaneous. 
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From  Dr.  C.  T.  Stockwell  of  Springfield,  — “Evolution  of 
Immortality.” 

Wm.  A.  Tolman  (M.  A.  C.,  ’87)  of  Concord,  — “ Manual 
of  Military  Courtesy  and  Guard  Duty.” 

Chas.  Turrill.  Esq.,  of  San  Francisco,  Cal.,  — 4 volumes 
annual  reports  of  State  Viticultural  Commission. 

Prof.  M.  Wilckens  of  Vienna,  Austria,  — 2 volumes  on 
“Care  of  Domestic  Animals.” 

S.  M.  Colcord  of  Dover,  — “ System  of  preserving  Green 
Forage.” 

Prof.  W.  H.  Welch  of  Baltimore,  Maryland,  — “ External 
Sources  of  Infection.” 

Sir  J.  B.  Lawes  of  Rothamsted,  England,  — 5 pamphlets 
miscellaneous. 

H.  S.  Carruth  (M.  A.  C.,  ’72)  of  Ashmont,  — “History 
of  the  United  States  during  the  First  Administration 
of  Jefferson.” 

E.  B.  Wilder  of  Dorchester,  — “ Memorials  of  Marshall 
P.  Wilder.” 

J.  S.  West  (M.  A.  C.,  ’90)  of  Belchertown,  — “College 
Students  at  Northfield.” 

James  Vick  of  Rochester,  N.  Y.,  — “Vick’s  Monthly 
Magazine,”  1889. 

Also  the  following  papers  and  periodicals  from  the  publishers  : 
“The  Massachusetts  Ploughman,”  “The  American  Cultivator,” 
“The  New  England  Farmer,”  “The  American  Veterinary  Re- 
view,The  American  Garden,”  “ The  Poultry  Monthly,”  “ The 
Mirror  and  Farmer,”  “The  American  Grange  Bulletin,”  “The 
Farm  and  Home,”  “ The  Berkshire  Courier,”  “ The  Home  Farm,” 
“The  Ohio  Practical  Farmer,”  “The  Orange  Judd  Farmer,” 
“The  New  England  Homestead.” 

I have  the  honor,  in  addition  to  the  catalogue  and  custo- 
mary reports,  to  append  a paper  translated  by  Professor 
Charles  Wellington,  on  a subject  of  great  interest  to  every 
farmer,  — “ On  the  Use  of  Commercial  Fertilizers.” 

Respectfully  submitted,  by  order  of  the  trustees. 

m HENRY  H.  GOODELL, 

- President. 


Amherst,  January,  1890. 


30 


AGRICULTURAL  COLLEGE 


[Jan 


TREASURER’S  REPORT. 


Frank  E Paige,  Treasurer  of  Massachusetts  Agricultural  College,  for 
the  Year  ending  Dec.  31, 1889. 


- 

Received. 

Paid. 

Cash  on  hand, 

$4,534  78 

Terra  bill  account, 

5,346  40 

$2,965  22 

Botanical  account, 

3,693  81 

4,379  84 

Farm  account, 

3,875  16 

8,083  00 

Expense  account,  ...... 

212  33 

7,982  32 

Laboratory  account, 

568  68 

447  98 

Salary  account, 

- 

13,549  96 

Trustee  expense  account,  .... 

- 

474  36 

Library  Fund  account, 

768  16 

768  16 

Endowment  Fund  account,  .... 

11,008  31 

_ 

State  Scholarship  Fund  account,  . 

15,000  00 

- 

Hills  Fund  account, 

608  80 

663  36 

Grinnell  Prize  Fund  account,  . . 

40  00 

40  00 

Whiting  Street  Fund  account, 

51  15 

30  00 

Mary  Robinson  Fund  account,  . . . 1 

61  20 

80  00 

Labor  Fund  account, | 

5,000  00 

2,516  05 

Insectary  building  account,  .... 

- 

1,200  00 

Insurance  account, ! 

- 

28  87 

Reading  room  account, 

- 

103  65 

Extra  instruction  account, 

- 

731  11 

Advertising  account,  ..... 

- 

299  05 

Gassett  Scholarship  Fund  account, 

42  94 

- 

Cash  on  hand  Dec.  31,  1889,  .... 

- 

6,468  79 

$50,811  72 

l 

$50,811  72 

Cash  Balance,  as  shown  by  Treasurer’s  Statement,  belongs 


to  the  Following  Accounts. 

Hills  Fund, $85  13 

Insurance, 11  19 

Gassett  Scholarship  Fund, 105  88 

Whiting  Street  Fund,  . . 14.0  46 

Mary  Robinson  Fund, 165  10 

Labor  Fund, 2,483  95 

General  fund  of  college, ^,477  08 


$6,468  79 
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Cash  and  Bills  Receivable  Dec.  31,  1889. 


Term  bills, $1,348  61 

Laboratory, 345  75 

Botanical, 154  90 

Farm, 506  58 

Cash  or)  hand  belonging  to  general  funds, . . . 3,477  08 


$5,832  92 


Bills  Payable  Dec.  31,  1889. 

Term  bill  account,  „ $24  00 

Farm  account, 1,119  98 

Botanical  account, 217  15 

Expense, 91  14 


$1,452  27 

Value  of  Real  Estate. 


Land. 

Cost. 

College  farm, 

$37,000 

00 

Pelham  quarry, 

500 

00 

Buildings. 

Cost. 

Laboratory, 

$10,360 

00 

Botanic  museum, 

5,180 

00 

Botanic  barn, 

1,500 

00 

Durfee  plant-house  and  fixtures, 

12,000 

00 

Small  plant-house  and  fixtures,  . 

800 

00 

North  college, 

36,000 

00 

Boarding-house, 

8,000 

00 

South  dormitory, 

37,000 

00 

Graves  house  and  barn,  .... 

8,000 

00 

Farm-house, 

4,000 

00 

Farm  barns  and  sheds, 

14,500 

00 

Stone  chapel, 

31,000 

00 

Drill  hall,  . . . 

6,500 

00 

President’s  house, 

11,500 

00 

Four  dwelling-houses  and  shed,  purchased 

with  farm,  

10,000 

00 

196,340  00 


Inventory  of  Personal  Property. 

Farm,  . 

Laboratory, 

Library, 

Natural  history  collection, 

Physics, 

Boarding-house, 

Fire  apparatus, 

Botanical  department, 


$233,840  00 

$16,077  00 
1,113  77 
8,000  00 
3,257  04 
3,616  03 
400  00 
500  00 
9,452  65 


$42,416  49 


32 


AGRICULTURAL  COLLEGE. 


[Jan. 


Summary  Statement. 

Assets. 

Total  value  real  estate,  per  inventory,  . $233,840  00 

Total  value  personal  property,  per  inven- 
tory,   42,416  49 

Total  cash  on  hand  and  bills  receivable, 

per  inventory, 5,832  92 

Total, $282,089  41 


Liabilities. 

Bills  payable,  as  per  inventory, 1,452  27 

$280,637  14 


Funds  for  Maintenance  of  College. 
Technical  Educational  Fund,  United  States 

Grant,  amount  of, $219,000  00 

Technical  Educational  Fund,  State  Grant,  . 141,575  35 

These  funds  are  in  the  hands  of  the  State  Treasurer.  By 
law  two-thirds  of  the  income  is  paid  to  the  treasurer 
of  the  college,  one-third  to  Institute  of  Technology. 

Amount  received,  1889, 

State  Scholarship  Fund,  $10,000.  This  sum  was  appro- 
priated by  the  Legislature,  1886,  and  is  paid  in  quarterly 

payments  to  the  college  treasurer, 

Hills  Fund  of  $10,000,  in  hands  of  college  treasurer.  This 
was  given  by  L.  M.  and  H.  F.  Hills  of  Amherst.  By 
conditions  of  the  gift,  the  income  is  to  be  used  for  main- 
tenance of  a botanic  garden.  Income,  1889,  . 
Unexpended  balance,  Dec.  31,  1889,  $85.13. 

Annual  State  appropriation  of  $10,000.  This  sum  was 
appropriated  by  Legislature  of  1889,  for  four  years,  for 
the  endowment  of  additional  chairs  and  general  expense. 
Five  thousand  dollars  of  the  sum  was  appropriated  as 
Labor  Fund,  to  provide  for  the  paying  of  labor  per- 
formed by  needy  and  worthy  students,  .... 
Grinnell  Prize  Fund  of  $1,000,  in  hands  of  college  treas- 
urer. Gift  of  Ex-Gov.  William  Claflin ; was  called 
Grinnell  Fund  in  honor  of  his  friend.  The  income  is 
appropriated  for  two  prizes,  to  be  given  for  the  best 
examination  in  agriculture  by  graduating  class.  In- 
come, 1889 

Mary  Robinson  Fund  of  $1,000,  in  hands  of  college  treas- 
urer, given  without  conditions.  The  income  has  been 
appropriated  to  scholarships,  to  worthy  and  needy  stu- 
dents. Income,  1889, 


$11,008  31 

10,000  00 


608  80 


10,000  00 


40  00 


61  20 


Amount  carried  forward. 


$31,718  31 
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Amount  brought  forward , 

Unexpended  balance,  Dec.  31,  1889,  $165.10. 

Whiting  Street  Fund  of  $1,000,  a bequest  without  con- 
ditions. To  this  sum  is  added  $260  by  vote  of  the 
trustees  in  January,  1887,  it  being  the  interest  accrued 
on  the  bequest  Amount  of  fund,  Dec.  31,  1889,  $1,260. 
Unexpended  balance  of  income,  $140.46.  Income,  1889, 
Library  Fund,  for  use  of  library,  $6,051.80.  Deposited  in 
Amherst  Savings  Bank. 

Gassett  Scholarship  Fund:  the  sum  of  $1,000  was  given 
by  the  Hon.  Henry^ Gassett  as  a scholarship  fund.  Un- 
expended balance,  Dec’.  31,  1889,  $105.88.  Income, 
1889, 


$31,718  31 


51  15 


42  94 


Total $31,812  40 

To  this  sum  should  be  added  amount  of  tuition,  room  rent,  receipts 
from  sales  of  farm  and  botanic  gardens  ; amount  of  same  can  be  learned 
from  statement  of  treasurer.  Tuition  and  room  rent  under  head  of  term 
bill. 

FRANK  E.  PAIGE,  Treasurer. 


The  committee  of  finance  and  buildings,  having  examined  the  statements  of  the 
Treasurer,  as  herein  set  forth,  approve  the  same,  and  recommend  the  acceptance  of 
the  same  by  the  Board. 

For  the  Committee, 

DANIEL  NEEDHAM,  Chairman. 

Jan.  7, 1890. 


This  is  to  certify  that  I have  this  day  examined  the  accounts  of  F.  E.  Paige, 
Treasurer,  as  displayed  from  Jan.  1,  1889,  to  Jan.  1,  1890,  and  find  the  same  correct 
and  properly  vouched  for.  The  balance  in  the  treasury,  being  $6,468.79,  is  shown 
to  be  on  hand  in  bank. 

CHARLES  A.  GLE4SON,  Auditor.' 

Amherst,  Mass.,  Jan.  15,  1890. 
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REPOET  OF  MILITARY  DEPARTMENT. 


Amherst,  Mass.,  Dec.  31,  1889. 

H.  H.  Goodell,  President  Mass.  Agricultural  College , Amherst , Mass. 

Sir:  — I have  the  honor  to  submit  the  following  report. 
I reported  for  duty  Sept.  3,  1889,  and  have  had  charge  of 
the  military  department  since  that  time. 

There  have  been  wTeekly  recitations  of  the  senior  class  in 
“ Wheeler’s  Art  and  Science  of  War,”  which  I considered 
better  fitted  for  the  short  time  (one  year)  allowed  for  this 
study  than  the  former  text-book,  “ Hamilton’s  Art  of  War,” 
which  is  more  suitable  for  a book  of  reference.  A course 
of  lectures  has  also  been  given,  on  the  subject  of  “Field 
Fortifications.” 

Weekly  recitations  during  one-half  of  the  term  have  been 
held  with  the  sophomore  class  in  artillery  tactics,  these 
being  supplemented  by  two  lectures  on  the  ammunition  used 
by  the  United  States  in  the  artillery  service. 

There  have  been  three  drills  weekly  during  the  whole 
term,  at  which  the  attendance  of  the  cadets  has  been  excel- 
lent, all  absences  having  been  satisfactorily  explained.  Dur- 
ing the  first  half  of  the  term  the  freshman  class  was  instructed 
in  the  preliminary  exercises  and  in  the  manual  of  arms,  the 
sophomore  class  in  artillery  drill,  and  the  junior  class  in  tar- 
get practice.  The  instructors  for  the  different  drills  were 
taken  from  the  senior  class.  As  soon  as  the  freshmen  had 
been  properly  instructed,  the  battalion  was  organized  under 
the  officers  selected  by  my  predecessor,  Lieutenant  Sage. 

The  battalion  consists  of  three  companies^  and  a drum 
corps,  with  the  necessary  officers  and  non-commissioned 
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officers,  a list  of  these  being  annexed  to  this  report.  When 
the  weather  permits,  the  tri- weekly  drills  take  place  in  the 
open  air;  otherwise  in  the  drill  hall,  which  is  large  and  well 
heated.  The  interest  exhibited  by  the  cadets  in  the  drill  has 
been  excellent,  and  the  discipline  has  been  good  ; but  better 
results  could  be  obtained,  I feel  confident,  if  the  dress  coat 
could  be  included  in  the  uniform  of  the  corps.  The  bat- 
talion would  certainly  present  a more  military  appearance  if 
all  wore  the  dress  coat,  instead  of  only  the  officers  and  non- 
commissioned officers,  as  at  present.  The  privates  in  the 
short  fatigue  jackets  have  the  appearance  of  boys  at  a pre- 
paratory school,  instead  of  young  men  at  college ; and  this 
appearance  has  its  effect  on  the  minds  of  the  cadets,  caus- 
ing them  to  consider  the  drill  hour  more  as  a time  for  recre- 
ation  than  as  a regular  course  of  instruction  pertaining  to  the 
college.  With  the  dress  coats  the  cadets  would  look,  feel 
and  act  more  like  men.  The  cost  of  these  coats  would  be 
fifteen  dollars  ; but,  with  proper  care,  a cadet  who  purchased 
a new  one  when  he  entered  college  could  dispose  of  it  on 
graduating  for  at  least  half  of  its  original  cost,  thereby  in- 
creasing his  average  yearly  expense  by  not  more  than  two 
dollars.  If  I am  not  mistaken,  the  majority  of  the  cadets 
would  like  to  have  the  dress  coat  reinstated  as  a part  of  the 
uniform,  and  I would  earnestly  recommend  that  this  change 
might  be  adopted. 

The  fire  department  is  in  good  order,  but  I would  recom- 
mend that  another  ladder,  .tipped  with  strong  hooks,  to  be 
used  for  scaling  the  steep  roofs  of  the  buildings,  be  added  to 
the  apparatus  now  on  hand.  The  present  method  of  light- 
ing the  cadet  rooms  I regard  as  very  dangerous  to  the  safety 
of  the  buildings  so  occupied.  Kerosene  lamps  are  used, 
the  oil  for  which  is  kept  in  closets  in  the  various  rooms. 
Through  leaking  and  careless  handling,  which  under  the 
circumstances  it  is  impossible  to  prevent,  the  floors  of  these 
closets  have  been  rendered  especially  liable  to  fire.  I would 
recommend  that  the  buildings  be  lighted  by  electricity,  the 
cost  of  which  to  the  cadets  would  be  moderate,  and  more 
so  if  a plant  could  be  established  on  the  college  grounds 
and  owned  by  the  State,  while  the  benefits  derived  from  the 
expenditure  would  be  proportionately  great. 
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The  facilities  for  bathing  are  exceedingly  poor,  there  being 
only  two  bath-tubs  for  the  use  of  all  the  cadets.  Nothing  is 
more  conducive  to  good  health  than  cleanliness,  and  this  can- 
not be  obtained  without  proper  facilities.  I would  most 
urgently  recommend  that  at  least  two  more  bath-tubs  and 
two  shower  baths  be  at  once  supplied  for  the  use  of  the 
cadets.  I would  also  recommend  that  the  partitions  separat- 
ing the  small  bedrooms  in  the  north  dormitory  be  removed, 
in  order  to  admit  more  light  and  air. 

The  range  for  target  practice  is  a very  short  one,  and  much 
better  results  could  be  obtained  in  this  very  important  branch 
of  the  military  department  if  a longer  and  better  one  was 
available.  Nothing  is  more  essential  to  a soldier  than  a 
thorough  knowledge  of  the  weapon  with  which  he  is  armed, 
and  his  capability  to  use  it  as  a means  of  offence  and  defence. 
This  knowledge  can  only  be  obtained  by  actual  practice  with 
it ; and,  with  the  rifle  in  present  use,  a range  of  at  least  five 
hundred  yards  in  length  is  almost  a necessity.  With  the 
present  allowance  of  ammunition,  fifty  rounds  per  man  per 
year,  considerable  practice  can  be  had  and  good  results 
obtained,  with  a good  range  to  work  on. 

I would  also  recommend  that  the  cadets  be  put  into  camp 
for  a few  days,  in  order  that  they  may  learn  something  of 
the  actual  life  of  a soldier  in  the  field.  The  knowledge 
would  be  of  great  benefit  to  them  and  to  those  under  them, 
if  they  were  ever  called  upon  to  command  troops  in  the  field. 
Experience  is  a good  teacher ; aijd  they  would  learn  more  in 
a short  time  spent  in  camp,  of  the  practical  needs  of  a soldier 
and  how  to  supply  them,  of  their  duties  when  in  the  field 
and  how  to  properly  perform  them,  than  by  a long  course  of 
theoretical  instruction  on  the  subject. 

Respectfully  submitted, 

LESTER  W.  CORNISH, 

First  Lieutenant  Fifth  Cavalry , 
Professor  of  Military  Science  and  Tactics . 
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Battalion  Organization. 


Commandant  Cadets,  First  Lieut.  Lester  W.  Cornish,  Fifth  U.  S. 

Cavalry. 

Cadet  Adjutant  Stowe.  Cadet  Quartermaster  West. 

Cadet  Sergeant  Major  Belden.  Cadet  Quartermaster  Sergeant  Gay. 


Company  A.  Company  B. 

Cadet  Captain  Barry.  Cadet  Captain  Bussell. 

Cadet  First  Lieutenant  Williams.  Cadet  First  Lieutenant  Simonds. 
Cadet  Second  Lieutenant  McCloud.  Cadet  Second  Lieutenatit  Mossman. 
Cadet  First  Sergeant  Buggles.  Cadet  First  Sergeant  Carpenter. 
Cadet  Sergeant  Brown.  Cadet  Sergeant  Legate. 

Cadet  Corporal  Magill.  Cadet  Corporal  Willard. 

Company  C. 

Cadet  Captain  Felton. 

Cadet  First  Lieutenant  Herrero. 

Cadet  Second  Lieutenant  Taylor. 

Cadet  First  Sergeant  Tuttle. 

Cadet  Sergeant  Paige. 

Cadet  Corporal  Field. 


Chief  Musician,  and  Cadet  First  Sergeant  Drum  Corps,  Horner. 
Fire  Marshal,  Cadet  First  Lieutenant,  Gregory. 
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CALENDAR  FOR  1890-91. 


June  15,  Sunday, 


1890. 

January  8,  Wednesday,  winter  term  begins,  at  8.15  a.m. 

March  27,  Thursday,  winter  term  closes,  at  10.30  a.m. 

April  8,  Tuesday,  spring  term  begins,  at  8.15  a.m. 

([Baccalaureate  Sermon. 

(.Address  before  the  Christian  Union. 

June  16,  Monday,  Kendall  Prize  Speaking. 

fGrinnell  Prize  Examination  of  the  Senior 
Class  in  Agriculture. 

June  17,  Tuesday,  ^ Military  Exercises. 

Meeting  of  the  Alumni. 

[President’s  Reception. 

( Commencement  Exercises. 


June  18,  Wednesday,  s 

C Meeting  of  Trustees. 

June  19,  Thursday,  examinations  for  admission,  at  9 a.m., 
Botanic  Museum ; at  the  Commonwealth  Building,  Boston ; 
and  at  the  Sedgwick  Institute,  Great  Barrington.* 
September  2,  Tuesday,  examinations  for  admission,  at  9 a.m., 
Botanic  Museum. 

September  3,  Wednesday,  fall  term  begins,  at  8.15  a.m. 

December  19,  Friday,  fall  term  closes,  at  10.30  a.m. 


1891. 

January  6,  Tuesday,  winter  term  begins,  at  8.15  a.m. 
March  27,  Friday,  winter  term  closes,  at  10.30  a.m. 


* See  page  49. 
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THE  CORPORATION. 


Term  expires 

JAMES  S.  GRINNELL  of  Greenfield,  . . . 1891 

JOSEPH  A.  HARWOOD  of  Littleton,  . . . 1891 

WILLIAM  H.  BOWKER  of  Boston,  . . . 1892 

J.  D.  W.  FRENCH  of  Boston,  . . . . 1892 

THOMAS  P.  ROOT  of  Barre  Plains,  . . . 1893 

J.  HOWE  DEMOND  of  Northampton,  . . . 1893 

FRANCIS  H.  APPLETON  of  Lynnfield,  . . . 1894 

WILLIAM  WHEELER  of  Concord,  ....  1894 

ELIJAH  W.  WOOD  of  West  Newton,  . . . 1895 

CHARLES  A.  GLEASON  of  New  Braintree,  . . 1895 

DANIEL  NEEDHAM  of  Groton,  ....  1896 

JAMES  DRAPER  of  Worcester,  . . . • . 1896 

HENRY  S.  HYDE  of  Springfield,  . . . .1897 

MERRITT  I.  WHEELER  of  Great  Barrington,  . 1897 


Members  Ex  Officio. 

His  Excellency  Governor  JOHN  Q.  A.  BRACKETT,  Presi- 
dent of  the  Corporation. 

HENRY  H.  GOODELL,  President  of  the  College. 

JOHN  W.  DICKINSON,  Secretary  of  the  Board  of  Education. 
WILLIAM  R.  SESSIONS,  Secretary  of  the  Board  of  Agriculture. 


JAMES  S.  GRINNELL  of  Greenfield, 
Vice-President  of  the  Corporation. 


WILLIAM  R.  SESSIONS  of  Hampden,  Secretary. 


FRANK  E.  PAIGE  of  Amherst,  Treasurer. 


CHARLES  A.  GLEASON  of  New  Braintree,  Auditor. 
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Committee  on  Finance  and  Buildings.* 

JAMES  S.  GRINNELL.  HENRY  S.  HYDE. 

J.  HOWE  DEMOND.  CHARLES  A.  GLEASON. 

DANIEL  NEEDHAM,  Chairman. 


Committee  on  Course  of  Study  and  Faculty.* 

THOMAS  P.  ROOT.  FRANCIS  H.  APPLETON. 

WILLIAM  H.  BOWKER.  J.  D.  W.  FRENCH. 

WILLIAM  WHEELER,  Chairman. 


Committee  on  Farm  and  Horticultural  Departments.* 

ELIJAH  W.  WOOD.  JAMES  DRAPER. 

JOSEPH  A.  HARWOOD.  MERRITT  I.  WHEELER. 

WILLIAM  R.  SESSIONS,  Chairman. 


Committee  on  Experiment  Department.* 

DANIEL  NEEDHAM.  ELIJAH  W.  WOOD. 

WILLIAM  WHEELER.  JAMES  DRAPER. 

WILLIAM  R.  SESSIONS,  Chairman. 


Board  of  Overseers. 

THE  STATE  BOARD  OF  AGRICULTURE. 


Examining  Committee  of  Overseers. 


SAMUEL  B.  BIRD,  . . . .of  Framingham. 

GEORGE  CRUICIvSHANKS,  Chairman , of  Lunenburg. 


YELOROUS  TAFT, 

GEORGE  S.  TAYLOR,  . 
ATKINSON  C.  YARNUM,  . 
NATHANIEL  S.  SHALER,  . 


. of  Upton. 

. of  Chicopee  Falls, 
of  Lowell, 
of  Cambridge. 


The  Faculty. 

HENRY  H.  GOODELL,  M.A.,  President , 
Professor  of  Modern  Languages  and  English  Literature. 


LEVI  STOCKBRIDGE, 

Professor  of  Agriculture,  Honorary. 

* The  presideut  of  the  college  is  ex  officio  a member  of  each  of  the  above 
committees. 
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CHARLES  A.  GOESSMANN,  Pli.D., 

Professor  of  Chemistry. 

SAMUEL  T.  MAYNARD,  B.Sc., 

Professor  of  Botany  and  Horticulture. 

CLARENCE  D.  WARNER,  B.Sc., 

Professor  of  Mathematics  and  Physics. 

‘CHARLES  WELLINGTON,  Ph.D., 

Associate  Professor  of  Chemistry. 

CHARLES  H.  FERNALD,  Pli.D., 

Professor  of  Zoology  and  Lecturer  on  Veterinary  Science. 

Rev.  CHARLES  S.  WALKER,  Pli.D., 

Professor  of  Mental  and  Political  Science. 

WILLIAM  P.  BROOKS,  B.Sc., 

Professor  of  .Agriculture. 

LESTER  W.  CORNISH,  1st  Lieut.  5th  Cavalry,  U.  S.  A., 
Professor  of  Military  Science  and  Tactics. 

GEORGE  F.  MILLS,  M.A., 

Instructor  in  English. 

FRANK  E.  PAIGE, 

Lecturer  on  Farm  Law. 

AUSTIN  PETERS,  D.V.S.,  M.R.C.V.S., 

Lecturer  on  Hygiene  and  Care  of  Stock. 

JAMES  B.  PAIGE,  Y.S., 

Lecturer  on  Diseases  of  Domestic  Animals. 

HENRY  H.  GOODELL,  M.A., 

Librarian. 


Graduates  of  1889.* 

Blair,  James  Roswell  (Boston  Univ.), . . Warren. 

Copeland,  Arthur  Davis  (Boston  Univ.),  . Campello. 

Crocker,  Charles  Stoughton  (Boston  Univ.),  Sunderland. 

* The  annual  report,  being  made  in  January,  necessarily  includes  parts  of  two 
academic  years,  and  the  catalogue  bears  the  names  of  such  students  as  have  been 
connected  with  the  college  during  any  portion  of  the  year  1889. 
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Davis,  Franklin  Ware  (Boston  Univ.), 
Hartwell,  Burt  Laws  (Boston  Univ  ),  . 
Hubbard,  Dwight  Lauson  (Boston  Univ.),  . 
Hutchings,  James  Tyler  (Boston  Univ.),  . 
Kellogg,  William  Adams  (Boston  Univ  ),  . 

Miles,  Arthur  Lincoln, 

North,  Mark  Newell  (Boston  Univ.),  . 
Nourse,  Arthur  Merriam,  . 

Sellew,  Robert  Pease  (Boston  Univ.), . 
Whitney,  Charles  Albion  (Boston  Univ  ),  . 
Woodbury,  Herbert  Elwell  (Boston  Univ.), . 
Total, 


Tamworth,  N.  H. 
Littleton. 

Amherst. 

Amherst. 

North  Amherst. 
Rutland. 

Somerville. 

Westborough. 

East  Longmeadow. 
Upton. 

Gloucester. 

14 


Senior  Class. 


Barry,  David, 

Bliss,  Clinton  Edwin,  . 
Castro,  Arthur  de  Moraes  e, 
Dickinson,  Dwight  Ward, 
Felton,  Truman  Page,  . 
Goddard,  George  Andrew, 
Gregory,  Edgar,  . 

Haskins,  Henry  Darwin, 
Herrero,  Jose  Maria, 

Jones,  Charles  Howland, 
Loring,  John  Samuel,  . 
McCloud,  Albert  Carpenter, 
Mossman,  Fred  Way,  . 
Russell,  Henry  Lincoln, 
Simonds,  George  Bradley, 
Smith,  Frederic  Jason,  . 
Stowe,  Arthur  Nelson,  . 
Taft,  Walter  Edward,  . 
Taylor,  Fred  Leon, 

West,  John  Sherman,  . 
Williams,  Frank  Oliver, 
Total, 


Southwick. 

Attleborough. 

J uiz  de  F ora,  Minas,  Brazil 
Amherst. 

Berlin. 

Turner’s  Falls. 
Marblehead. 

North  Amherst. 
Jovellanos,  Cuba. 
Downer’s  Grove,  111. 
Shrewsbury . 

Amherst. 

Westminster. 

Sunderland. 

Ashby. 

North  Hadley. 

Hudson. 

Dedham. 

Amherst. 

Belchertown. 

Sunderland. 

21 


Junior  Class. 

Arnold,  Frank  Luman, 

Belden,  Allan  Montgomery, .... 
Brown,  Walter  Augustus,  .... 
Carpenter,  Malcolm  Austin, .... 

Eames,  Aldice  Gould, 

Felt,  Ephraim  Porter, 

Field,  Henry  John, 

Gay,  Willard  Weston, 

Horner,  Louis  Frederic,  .... 


Belchertown. 

East  Whately. 
Feeding  Hills. 
Leyden. 

North  Wilmington. 
Northborough. 
Leverett. 
Georgetown. 
Newton  Highlands. 
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Hull,  John  Byron, 

Johnson,  Charles  Henry, 

Lage,  Oscar  Vidal  Barboza,  . 

Legate,  Howard  Newton, 

Paige,  Walter  Cary, 

Phillips,  John  Edward  Stanton, 
Ruggles,  Murray,  . 

Sawyer,  Arthur  Henry, 

Shores,  Harvey  Towle, 

Tuttle,  Harry  Fessenden, 

Total,  .... 


Stockbridge. 

Prescott. 

Juiz  de  Fora,  Minas, 
Geraes,  Brazil. 
Sunderland. 

Amherst. 

Brooklyn,  Conn. 

Milton. 

Sterling. 

W est  Bridgewater. 
Jamaica  Plain. 

19 


Sophomore  Class. 


Baldus,  Francis  Gustave, 

Bardin,  James  Edgar,  . 

Boynton,  Walter  Ira,  . 
Chamberlain,  Pierce  Annesley, 
Clark,  Edward  Thornton, 

Condit,  Charles  De  Hart, 

Crane,  Henry  Everett,  . 

Davidson,  Royal  Page, 

Deuel,  James  Edward,  . 

Eaton,  Henry  Newell,  . 

Emerson,  Henry  Bennett, 

Farrar,  Frederick  Allen, 

Field,  Judson  Leon, 

Fletcher,  William, 

Fowle,  Samuel  Osie, 

Goldthwait,  Jr.,  William  Johnson, 
Graham,  Charles  Sumner,  . 
Hoar,  Thomas,  .... 
Holland,  Edward  Bertram,  . 
Howard,  Henry  Merton, 

Hubbard,  Cyrus  Moses,  . , . 

Lindsey,  Ernest,  .... 
Lyman,  Richard  Pope,  . 
McDonald,  Frederick  John,  . 

Magill,  Claude  Albion, 

Nauss,  Charles  Strum,  . 

Page,  Harry  Savage, 

Plumb,  Frank  Herbert, 

Rogers,  Elliot,  .... 
Sedgwick,  Benjamin*,  . 

Smith,  Robert  Hyde, 

Stockbridge,  Francis  Granger, 
Stone,  Harlan  Fisk, 


. Belchertown. 

. Dalton. 

. North  Amherst. 

. Northfield. 

. Granby. 

. Troy  Hills,  N.  J. 

. Weymouth. 

. Highland  Park,  111. 

. Amherst. 

. South  Sudbury. 

. Gloucester. 

. Ware. 

. Leverett. 

. Chelmsford. 

. Wellesley. 

. Marblehead. 

. Holden. 

. Amherst. 

. Amherst. 

. Franklin. 

. Sunderland. 

. Marblehead. 

. Boston. 

. Glenaladale,  Lot  36,  Prince 
Edward’s  Island. 

. Amherst. 

. Gloucester. 

. South  Orange,  N.  J. 

. W estfield. 

. Allston. 

. Cornwall  Hollow,  Conn. 

. Amherst. 

. Northfield. 

. Amherst. 
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Taylor,  George  Everett, 
Thomson,  Henry  Martin, 
Tyng,  Charles, 

Tyng,  George  McAlpine, 
West,  Homer  Cady, 
Willard,  George  Bartlett, 
Williams,  Milton  Hubbard, 
Wood,  Augustus  Roswel'l, 
Total, 


Shelburne. 
Monterey. 
Victoria,  Texas. 
Victoria,  Texas. 
Belch  ertown. 
Waltham. 
Sunderland. 
Central  Village. 


41 


Freshman  Class. 


Barrus,  Sheridan  Ezra, . 
Bartlett,  Fred  Goff, 

Beals,  Alfred  Tennyson, 
Clark,  Henry  Disbrow, . 
Curley,  George  Frederick,  . 
Davis,  Herbert  Chester, 
Faneuf,  Arthur  Gelis,  . 
Goodrich,  Charles  Augustus, 
Green,  Carlton  Dewitt, . 
Gregory,  James  Howard, 
Harlow,  Francis  Turner, 
Harlow,  Harry  James,  . 
Harvey,  David  Pierce,  . 
Haskell,  Ernest  Albert, 
Hawkes,  Ernest  Alfred, 
Henderson,  Frank  Howard,  . 
Higgins,  Nelson  Francis, 

Hoyt,  Franklin  Sherman, 
Kellogg,  John  Hawkes, 
Knight,  Jewell  Bennett, 

Lane,  William  Arthur, . 
Lehnert,  Eugene  Hugo, 
Melendy,  Alphonso  Edward, 
Munro,  David, 

Parker,  Charles  Henry, 
Pember,  Walter  Stephen, 
Perry,  John  Richards,  . 

Poole,  Jerome, 

Ranney,  William  Henry, 
Smith,  Cotton  Atwood,  . 

Smith,  Fred  Andrew,  . 

Smith,  Luther  Williams, 

Soule,  George  Wingate, 
Staples,  Henry  Franklin, 
Tinoco,  Luiz  Antonio  Ferreira, 


. Goshen. 

. Hadley. 

. Greenfield 
. Plainfield. 

. Upton. 

. Amherst. 

. Amherst. 

. Hartford,  Conn. 

. Belch  ertown. 

. Marblehead. 

. Marshfield. 

. Shrewsbury. 

. Townsend  Harbor. 

. Amherst. 

. Williamsburg. 

. Lynn. 

. Westhampton. 

. Newton,  Conn. 

. Hartford,  Conn. 

. Belchertown. 

. Rockport. 

. Clinton. 

. Sterling. 

. Clinton. 

. Holden. 

. Walpole. 

. Boston. 

. Rockport. 

. South  Ashfield. 

. North  Hadley. 

. Lynn. 

. Ashfield. 

. West  Dedham. 

. Leorfcinster. 

. Campos,  Rio  Janeiro, 
Brazil. 

. West  Berlin. 


Walker,  Edward  Joseph, 
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Weed,  Wallace  Dana,  . 

. . . Marblehead. 

Wells,  Louie  Ensign, 

. . . Palmer. 

Woodbrey,  Gilpin  Brooks,  . 

. . . Brighton. 

Yamamura,  Kohachi,  . 

. . . Yehimeken,  Japan. 

Total,  .... 

40 

Resident  Graduates  at  the  College  and  Experiment  Station. 


Cooley,  B.Sc.,  Fred  Smith,  . 

Crocker,  B.Sc.,  Charles  Stoughton  (Boston 
Univ.),  . . .- 

Flint,  B.Sc.,  Edward  Rawson  (Boston  Univ.), 
Hartwell,  B Sc.,  Burt  Laws  (Boston  Univ.), 
Kinney,  B Sc , Lorenzo  Foster  (Boston 

Univ), 

Knapp,  BSc.,  Edward  Everett  (Boston 

Univ.), 

Moore,  B Sc.,  Robert  Bostwick  (Boston 

Univ.), 

Nourse,  B.Sc.,  Arthur  Merriam,  . 

Parsons,  B.Sc  , Wilfred  Atherton, 
Shepardson,  B.Sc  , William  Martin  (Boston 

Univ.), 

Woodbury,  B.Sc.,  Herbert  El  well, 

Total, 


Sunderland. 

Sunderland. 

Amherst. 

Littleton. 

Worcester. 

Glenwood. 

Framingham. 

Westborough. 

Southampton. 

Warwick. 

Gloucester. 


11 


Summary. 


Resident  graduates, 11 

Graduates  of  1889,  14 

Senior  class, 21 

Junior  class, 19 

Sophomore  class, *41 

Freshman  class,  40 

Total, 146 
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TEXT  BOOKS. 

Packard  — “ Manual  of  Book-keeping.” 

Morton  — “ Soil  of  the  Farm.” 

Gregory  — “ Fertilizers.” 

Miles  — “ Stock  Breeding.” 

Armsby  — “Manual  of  Cattle  Feeding.” 

Gray  — “ Manual  of  Botany.” 

Bessey  — “ Botany  for  High  Schools  and  Colleges.” 

Fuller  — “ Practical  Forestry.” 

Maynard  — “ Practical  Fruit  Grower.” 

Scott  — “ Rural  Homes.” 

Avery — - “Elements  of  Chemistry.”  . 

Wills  — “ Tables  for  Qualitative  Chemical  Analysis.” 

Wheeler  — “ Medical  Chemistry.” 

Bloxam — “ Chemistry.” 

Dana — “Manual  of  Mineralogy  and  Lithology.” 

Brush  — “ Determinative  Mineralogy  and  Blow-pipe.” 

Guyot  — “ Physical  Geography.” 

Wentworth  — “ Algebra.” 

Wentworth  — “ Geometry.” 

Wells  — “ Trigonometry.” 

Warner  — “ Mensuration.” 

Davies — “ Surveying.” 

Dana  — “ Mechanics.” 

Atkinson  Ganot  — “Physics.” 

Loomis  — “ Meteorology.” 

Comstock  — “ Elementary  Latin  Book.” 

Whitney  — “ French  Grammar.” 

Genung  — “Practical  Elements  of  Rhetoric.” 

Kellogg — “ English  Literature.” 

Porter — “ Elements  of  Intellectual  Science.” 

Walker  — “ Political  Economy.” 

White  — “ Progressive  Art  Studies.”  Elementary  and  Instru-^ 
mental. 

To  give  not  only  a practical  but  a liberal  education,  is  the  aim 
in  each  department ; and  the  several  courses  have  been  so  arranged 
as  to  best  subserve  that  end.  Weekly  exercises  in  composition 
and  declamation  are  held  throughout  the  course.  The  instruction 
in  agriculture  and  horticulture  is  both  theoretical  and  practical. 
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A certain  amount  of  labor  is  required  of  each  student,  and  the 
lessons  of  the  recitation  room  are  practically  enforced  in  the  garden 
and  field.  Students  are  allowed  to  work  for  wages  during  such 
leisure  hours  as  are  at  their  disposal.  Under  the  Act  by  which 
the  college  was  founded,  instruction  in  military  tactics  is  made 
imperative ; and  each  student,  unless  physically  debarred,*  is 
required  to  attend  such  exercises  as  are  prescribed,  under  the 
direction  of  a regular  army  officer  stationed  at  the  college. 


ADMISSION. 

Candidates  for  admission  to  the  freshman  class  are  examined, 
orally  and  in  waiting,  upon  the  following  subjects : English 
grammar,  geography,  arithmetic,  algebra  to  quadratic  equations, 
the  metric  system,  and  the  history  of  the  United  States. 

Candidates  for  higher  standing  are  examined  as  above,  and  also 
in  the  studies  gone  over  by  the  class  to  which  they  may  desire 
admission. 

No  one  can  be  admitted  to  the  college  until  he  is  fifteen  years  of 
age.  Every  applicant  is  required  to  furnish  a certificate  of  good 
character  from  his  late  pastor  or  teacher.  Candidates  are  re- 
quested to  furnish  the  examining  committee  with  their  standing 
in  the  schools  they  have  last  attended.  The  previous  rank  of  the 
candidate  will  be  considered  in  admitting  him.  The  regular  exam- 
inations for  admission  are  held  at  the  Botanic  Museum,  at  nine 
o’clock  a.m.j  on  Thursday,  June  19,  and  on  Tuesday,  September 
2 ; but  candidates  may  be  examined  and  admitted  at  any  other 
time  in  the  year.  For  the  accommodation  of  those  living  in  the 
eastern  part  of  the  State,  examinations  will  also  be  held  at  nine 
o’clock  a.m.,  on  Thursday,  June  19,  at  the  office  of  the  Secretary  of 
the  Board  of  Agriculture,  in  the  Commonwealth  Building,  Boston  ; 
and,  for  the  accommodation  of  those  in  the  western  part  of-  the 
State,  at  the  same  date  and  time,  at  the  Sedgwick  Institute,  Great 
Barrington,  by  James  Bird. 


DEGREES. 

Those  who  complete  the  course  receive  the  degree  of  Bachelor 
of  Science,  the  diploma  being  signed  by  the  Governor  of  Massa- 
chusetts, who  is  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application,  become 
members  of  Boston  University,  and  upon  graduation  receive  its 
diploma  in  addition  to  that  of  the  college,  thereby  becoming 
entitled  to  all  the  privileges  of  its  alumni. 

* Certificates  of  disability  must  be  procured  from  Dr.  D.  B.  N.  Fish  of  Amherst. 


50  AGRICULTURAL  COLLEGE.  [Jan. 

EXPENSES. 


Tuition,  in  advance : — 


Fall  term,  . . .... 

§30  00 

Winter  term, 

25  00 

Summer  term, 

Room  rent,  in  advance,  §5.00  to  §16.00  per 

25  00 

§80  00 

§80  00 

term,  . . ... 

15  00 

48  00 

Board,  §2.50  to  §5  00  per  week, 

95  00 

190  00 

Fuel,  $5.00  to  §15.00  per  year,  . 

5 00 

15  00 

Washing,  30  to  60  cents  per  week,  . 

11  40 

22  80 

Military  suit, 

17  75 

17  75 

Expenses  per  year,  .... 

§224  15 

§3/ 3 55 

Board  in  clubs  has  been  two  dollars  and  fifty  cents  per  week ; in 
private  families,  four  to  five  dollars.  The  military  suit  must  be 
obtained  immediately  upon  entrance  at  college,  and  used  in  the 
drill  exercises  prescribed.  For  the  use  of  the  laboratory  in  prac- 
tical chemistry  there  will  be  a charge  of  ten  dollars  per  term  used. 
Some  expense  will  also  be  incurred  for  lights  and  for  text  books. 
Students  whose  homes  are  within  the  State  of  Massachusetts  can 
in  most  cases  obtain  a, scholarship  by  applying  to  the  senator  of 
the  district  in  which  they  live.  The  outlay  of  money  can  be  fur- 
ther reduced  by  work  during  leisure  hours  on  the  farm  or  in  the 
botanic  department.  Application  should  be  made  to  the  professors 
in  charge  of  said  departments.  The  opportunities  for  work  are 
more  abundant  during  the  fall  and  summer  terms. 


ROOMS. 

All  students,  except  those  living  with  parents  or  guardians,  will 
be  required  to  occupy  rooms  in  the  college  dormitories. 

For  the  information  of  those  desiring  to  carpet  their  rooms,  the 
following  measurements  are  given  : In  the  new  south  dormitory,  the 
study  rooms  are  about  fifteen  by  fourteen  feet,  witli  a recess  seven 
feet  four  inches  by  three  feet ; and  the  bedrooms  are  eleven  feet 
two  inches  by  eight  feet  five  inches.  This  building  is  heated  by 
steam.  In  the  north  dormitory,  the  corner  rooms  are  fourteen  by 
fifteen  feet,  and  the  annexed  bedrooms  eight  by  ten  feet.  The 
inside  rooms  are  thirteen  feet  and  one-half  by  fourteen  feet  and 
one-half,  and  the  bedrooms  eight  by  eight  feet.  A coal  stove  is 
furnished  with  each  room.  Mr.  Thomas  Canavan  has  the  general 
superintendence  of  the  dormitories,  and  all  correspondence  rela- 
tive to  the  engaging  of  rooms  should  be  with  him. 
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SCHOLARSHIPS. 

Established  by  Private  Individuals. 

Mary  Robinson  Fund  of  one  thousand  dollars,  the  bequest  of 
Miss  Mary  Robinson  of  Medfield. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
Whiting  Street,  Esq.,  of  Northampton. 

Henry  Gassett  Fund  of  one  thousand  dollars,  the  bequest  of 
Henry  Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 


CONGRESSIONAL  SCHOLARSHIPS. 

The  trustees  voted  in  January,  1878,  to  establish  one  free 
scholarship  for  each  of  the  congressional  districts  of  the  State. 
Applications  for  such  scholarships  ghould  be  made  to  the  repre- 
sentative from  the  district  to  which  the  applicant  belongs.  The 
selection  for  these  scholarships  will  be  determined  as  each  member 
of  Congress  may  prefer ; but,  where  several  applications  are  sent 
in  from  the  same  district,  a competitive  examination  would  seem 
to  be  desirable.  Applicants  should  be  good  scholars,  of  vigorous 
constitution,  and  should  enter  college  with  the  intention  of  remain- 
ing through  the  course,  and  then  engaging  in  some  pursuit  connected 
with  agriculture. 


STATE  SCHOLARSHIPS. 

The  Legislature  of  1883  passed  the  following  Resolve  in  favor 
of  the  Massachusetts  Agricultural  College  : — 

Resolved,  That  there  shall  be  paid  annually,  for  the  term  of  four 
years,  from  the  treasury  of  the  Commonwealth  to  the  treasurer  of  the 
Massachusetts  Agricultural  College,  the  sum  of  ten  thousand  dollars,  to 
enable  the  trustees  of  said  college  to  provide,  for  the  students  of  said 
institution,  the  theoretical  and  practical  education  required  by  its  charter 
and  the  law  of  the  United  States  relating  thereto. 

Resolved,  That  annually,  for  the  term  of  four  years,  eighty  free  schol- 
arships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Com- 
monwealth, after  a competitive  examination,  under  rules  prescribed  by 
the  president  of  the  college,  at  such  time  and  place  as  the  senator  then 
in  office  from  each  district  shall  designate;  and  the  said  scholarships 
shall  be  assigned  equally  to  each  senatorial  district.  But,  if  there  shall 
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be  less  than  two  successful  applicants  for  scholarships  from  any  sena- 
torial district,  such  scholarships  may  be  distributed  by  the  president  of 
the  college  equally  among  the  other  districts,  as  nearly  as  possible ; but 
no  applicant  shall  be  entitled  to  a scholarship  unless  he  shall  pass  an 
examination  in  accordance  with  the  rules  to  be  established  as  hereinbe- 
fore provided. 

The  Legislature  of  1886  passed  the  following  Resolve,  making 
perpetual  the  scholarships  established  : — 

Resolved , That  annually  the  scholarships  established  by  chapter  forty- 
six  of  the  Resolves  of  the  year  eighteen  hundred  and  eighty-three  be 
given  and  continued  in  accordance  with  the  provisions  of  said  chapter. 

% 

In  accordance  with  these  resolves,  anyone  desiring  admission  to 
the  college  can  apply  to  the  senator  of  his  district  for  a schol- 
arship. Blank  forms  of  application  will  be  furnished  by  the 
president. 


EQUIPMENT. 

Botanical  Department. 

Botanic  Museum. — This  contains  the  Knowlton  herbarium, 
consisting  of  over  ten  thousand  species  of  plants  from  nearly  all 
parts  of  the  world ; a collection  of  models  of  nearly  all  of  the 
leading  varieties  of  apples  and  pears  ; a large  collection  of  speci- 
mens of  wood,  cut  so  as  to  show  their  individual  structure  ; nu- 
merous models  of  tropical  and  other  fruits  ; specimens  of  abnormal 
and  peculiar  forms  of  stems,  fruits,  vegetables,  etc. ; many  inter- 
esting specimens  of  unnatural  growths  of  trees  and  plants,  natural 
grafts,  etc.  ; together  with  many  specimens  and  models,  prepared 
for  illustrating  the  growth  and  structure  of  plants,  and  including 
a model  of  the  u giant  squash,”  which  raised  by  its  expansive 
force  the  enormous  weight  of  five  thousaud  pounds. 

The  botanic  lecture  room,  in  the  same  building,  is  provided  with 
diagrams  and  charts  of  over  three  thousand  figures,  illustrating 
structural  and  systematic  botany  ; also  fourteen  compound  micro- 
scopes of  R.  B.  Tolies  and  other  manufacturers,  with  objectives, 
ranging  from  four  inch  to  one-fifteenth  inch  focal  length.  In  the 
study  of  structural  botany,  the  students  become  familiar  with  the 
use  of  the  compound  microscope,  and  see  the  objects  studied  for 
themselves  ; special  attention  being  given  to  the  practical  study  of 
the  structure  and  growth  of  the  common  plants,  cultivated  in  the 
green-house,  garden,  or  on  the  farm.  This  work  is  done  in  the 
botanical  laboratory  connected  with  the  lecture  room. 
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Conservatories.  — The  Durfee  conservatory,  the  gift  of  the  Hon. 
Nathan  Durfee,  contains  a large  collection  of  plants  especially 
adapted  to  illustrate  the  principles  of  structural,  systematic  and 
economic  botany,  together  with  all  the  leading  plants  used  for 
house  culture,  cut  flowers,  and  out-door  ornamentation.  Here 
instruction  is  given  in  methods  of  propagation,  cultivation,  train- 
ing, varieties,  etc.,  by  actual  practice,  each  student  being  expected 
to  do  all  the  different  kinds  of  work  in  this  department.  These 
houses  are  open  at  all  times  to  the  public  and  the  students,  who 
may  watch  the  progress  of  growths  and  methods  of  cultivation. 

Two  new  propagating  houses  have  been  built  the  last  season, 
one  heated  with  steam  and  the  other  with  hot  water,  combining 
many  * illustrations  in  the  way  of  methods  of  building,  which, 
together  with  the  other  green-houses,  afford  an  abundant  oppor- 
tunity for  the  study  of  green-house  building  and  heating. 

Fruits.  — The  orchards,  of  ten  to  fifteen  acres,  contain  all  the 
standard  varieties  of  apples,  pears,  peaches,  plums,  cherries,  etc., 
in  bearing  condition.  Several  acres  of  small  fruits  are  also  grown 
for  the  markets.  The  vineyard,  of  one  and  one-half  acres,  con- 
tains from  thirty  to  forty  varieties  of  fully  tested  kinds  of  grapes-. 
New  varieties  of  all  the  above  fruits  are  planted  in  experimental 
plats,  where  their  merits  are  fully  tested.  All  varieties  of  fruits, 
together  with  the  ornamental  trees,  shrubs  and  plants,  are  dis- 
tinctly labelled,  so  that  students  and  visitors  may  readily  study 
their  characteristics.  Methods  of  planting,  training,  pruning, 
cultivation,  study  of  varieties,  gathering  and  packing  of  fruits, 
etc.,  are  taught  by  field  exercises,  the  students  doing  a large  part 
of  the  work  in  this  department. 

Nursery.  — This  contains  more  than  twenty-five  thousand  trees, 
shrubs  and  vines  in  various  stages  of  growth,  where  the  various 
methods  of  propagating  by  cuttings,  layers,  budding,  grafting, 
pruning  and  training  of  young  trees,  are  practically  taught  to  the 
students. 

Garden. — All  kinds  of  garden  and  farm-garden  crops  are 
grown  in  this  department  for  market,  furnishing  ample  illustra- 
tion of  the  treatment  of  all  market-garden  crops,  special  attention 
being  given  to  the  selection  of  varieties  and  the  growth  of  seed. 
The  income  from  the  sales  of  trees,  plants,  flowers,  fruits  and 
vegetables,  aids  materially  in  the  support  of  the  department,  and 
furnishes  illustrations  of  the  methods  of  business,  with  which  all 
students  are  expected  to  become  familiar. 

Forestry.  — Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery  ; and  plantations  have  been  made  upon  the 
college  grounds  and  upon  private  property  in  the  vicinity,  in 
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various  stages  of  growth,  affording  good  examples  of  this  most 
important  subject.  A large  grove  in  all  stages  of  growth  is 
connected  with  this  department,  where  the  methods  of  pruning 
forest  trees  and  the  management  and  preservation  of  forests  can 
be  illustrated. 

Natural  History  Department. 

The  department  of  zoology  is  well  supplied  with  microscopes 
and  accessories  necessary  for  the  study  of  the  lower  forms  of  life 
and  the  tissue  of  the  higher  animals.  The  State  collection  of 
specimens  illustrating  the  natural  history  of  Massachusetts  has 
been  put  on  exhibition  in  the  new  cabinet,  and  is  valuable  for 
purposes  of  instruction.  To  this  has  recently  been  added  a 

collection  of  skeletons,  models  and  stuffed  animals,  purchased 
from  Prof.  H.  A.  Ward,  and  a fine  collection  of  corals  presented 
by  the  Museum  of  Comparative  Zoology  of  Cambridge. 

Mathematical  Department. 

The  instruction  embraces  pure  mathematics,  civil  engineering, 
mechanics  and  physics.  For  civil  engineering  there  is  an  Eckhold’s 
omnimeter,  a solar  compass,  an  engineer’s  transit,  a surveyor’s 
transit,  two  common  compasses,  two  levels,  a sextant,  four  chains, 
three  levelling  rods,  and  such  other  incidental  apparatus  as  is  nec- 
essary for  practical  field  work.  For  mechanics  there  is  a full  set 
of  mechanical  powers,  and  a good  collection  of  apparatus  for  illus- 
tration in  hydrostatics,  hydro-dynamics  and  pneumatics.  For 
physics  the  apparatus  is  amply  sufficient  for  illustrating  the  gen- 
eral principles  of  sound,  heat,  light  and  electricity.  Adjacent  to 
the  commodious  lecture  room  are  a battery  room  and  the  physical 
cabinet,  to  which  latter  has  been  lately  added  much  valuable 
apparatus. 

Chemical  Department. 

This  department  has  charge  of  instruction  in  general,  agricult- 
ural and  analytical  chemistry,  and,  at  present,  of  that  in  miner- 
alogy and  chemical  geology.  For  demonstration  and  practical 
work  in  these  subjects,  the  department  is  equipped  as  follows  : — 

For  general  chemistry,  the  lecture  room  contains  a series  of 
thirty  wall  charts,  illustrative  of  chemical  processes  on  the  large 
scale ; a series  of  seven  wrall  charts,  showing  the  composition  of 
food  materials  ; and  a collection  of  apparatus  for  demonstration  on 
the  lecture  table.  For  agricultural  chemistry  there  is  on  hand  a 
good  typical  collection  of  raw  and  manufactured  materials,  illus- 
trating fertilization  of  crops  and  the  manufacture  of  fertilizers  ; 
a partial  collection  of  grains  and  other  articles  of  foods,  and  of 


1890.]  PUBLIC  DOCUMENT  — No.  31. 


55 


their  proximate  constituents.  For  analytical  chemistry  there  is  a 
laboratory  for  beginners,  in  a capacious  room,  well  lighted  and 
ventilated,  and  furnished  with  fifty-two  working  tables,  each  table 
being  provided  with  sets  of  reagents,  wet  and  dry,  a fume  chamber, 
water,  gas,  drawer  and  locker,  the  whole  arranged  on  an  improved 
plan ; a laboratory  for  advanced  students,  with  eight  tables,  and 
provided  with  gas,  water,  fume  chambers,  drying  baths,  furnaces, 
two  Becker  analytical  balances,  and  incidental  apparatus.  Both 
laboratories  are  supplied  with  collections  of.  natural  and  artificial 
products  used  in  analytical  practice.  For  instruction  in  mineralogy, 
use  is  made  of  the  larger  chemical  laboratory.  A small  collection 
of  cabinet  specimens,  and  a collection  of  rough  specimens  for  work 
in  determinative  mineralogy,  serve  for  practical  study.  For  in- 
struction in  chemical  geology,  the  laboratory  possesses  a collection 
of  typical  cabinet  specimens. 

Library. 

This  now  numbers  ninety-one  hundred  and  sixty  volumes,  having 
been  increased  during  the  year,  by  gift  and  purchase,  eight  hun- 
dred and  seventy-five  volumes.  It  is  placed  in  the  lower  hall  of 
the  new  chapel-library  building,  and  is  made  available  to  the  gen- 
eral student  for  reference  or  investigation.  It  is  especially  valu- 
able as  a library  of  reference,  and  no  pains  will  be  spared  to  make  it 
complete  in  the  departments  of  agriculture,  horticulture  and  botany, 
and  the  natural  sciences.  It  is  open  a portion  of  each  day  for 
consultation,  and  an  hour  every  evening  for  the  drawing  of  books. 


PRIZES. 

Rhetorical  Prizes. 

The  prizes  heretofore  offered  by  Isaac  D.  Farnsworth,  Esq., 
will  this  year  be  given  by  Hiram  Kendall,  of  the  class  of  1876. 
These  prizes  are  awarded  for  excellence  in  declamation,  and  are 
open  to  competition,  under  certain  restrictions,  to  members  of  the 
sophomore  and  freshman  classes. 

Grinnell  Agricultural  Prizes. 

Hon.  William  Claflin  of  Boston  has  given  the  sum  of  one  thou- 
sand dollars  for  the  endowment  of  a first  and  second  prize,  to  be 
called  the  Grinnell  Agricultural  Prizes,  in  honor  of  George  B.  Grin- 
nell, Esq  , of  New  York.  These  two  prizes  are  to  be  paid  in  cash 
to  those  two  members  of  the  graduating  class  who  may  pass  the 
best  oral  and  written  examination  in  theoretical  and  practical 
agriculture. 
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Hills  Botanical  Prizes. 

Fof  the  best  herbarium  collected  by  a member  of  the  class  of 
1890  a prize  of  fifteen  dollars  is  offered,  and  for  the  second  best  a 
prize  of  ten  dollars  ; also  a prize  of  five  dollars  for  the  best  col- 
lection of  woods,  and  a prize  of  five  dollars  for  the  best  collection 
of  dried  plants  from  the  college  farm. 

The  prizes  in  June,  1889,  were  awarded  as  follows  : — 

Kendall  Rhetorical  Prizes.  — Aldice  G.  Eames  (1891),  1st; 
Walter  A.  Brown  (1891),  2d;  Harlan  F.  Stone  (1892),  1st; 
Claude  A.  Magill  (1892),  2d. 

Grinnell  Agricultural  Prizes.  — Burt  L.  Hartwell  (1889),  1st; 
Charles  A.  Whitney  (1889),  2d. 

Hills  Botanical  Prize.  — William  A.  Kellogg  (1889). 


RELIGIOUS  SERVICES. 

Students  are  required  to  attend  prayers  every  week-day  at 
8.15  a.m.  and  public  worship  in  the  chapel  every  Sunday  at  10.30 
a.m.,  unless,  by  request  of  their  parents,  arrangements  are  made 
to  attend  divine  service  elsewhere.  Further  opportunities  for 
moral  and  religious  culture  are  afforded  by  a Bible  class  taught  at 
the  close  of  the  Sunday  morning  service,  and  by  religious  meetings 
held  on  Sunday  afternoon  and  during  the  week,  under  the  auspices 
of  the  Young  Men’s  Christian  Union. 


LOCATION. 

Amherst  is  on  the  New  London  Northern  Railroad,  connecting 
at  Palmer  with  the  Boston  & Albany  Railroad,  and  at  Miller’s 
Falls  with  the  Fitchburg  Railroad.  It  is  also  on  the  Central  Mas- 
sachusetts Railroad,  connecting  at  Northampton  with  the  Connec- 
ticut River  Railroad  and  with  the  New  Haven  & Northampton 
Railroad. 

The  college  buildings  are  on  a healthful  site,  commanding  one 
of  the  finest  views  in  New  England.  The  large  farm  of  three 
hundred  and  eighty-three  acres,  with  its  varied  surface  and  native 
forests,  gives  the  student  the  freedom  and  quiet  of  a country 
home. 


APPENDIX. 
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ON  THE  MOST  PROFITABLE  USE  OF  COMMER- 
CIAL MANURES.* 


By  Prof.  Paul  Wagner,  Director  of  the  Agricultural  Experiment 
Station,  Darmstadt,  Germany. 


In  1879,  just  ten  years  ago,  there  was  published  by  Professor 
Maercker  a discussion  bearing  the  above  title.  This  discussion 
was  of  great  value.  It  presented  the  experience  which  prominent 
agriculturists,  particularly  farmers  of  the  Province  of  Saxony, 
had  collected  concerning  the  application  of  commercial  manures, 
and  which  Maercker’s  skilful  hand  and  practised  eye  admirably 
incorporated  in  a summarized  statement  of  the  doctrines  of  manur- 
ing, conformable  to  the  knowledge  of  the  times,  and  the  then 
existing  needs  of  agriculture. 

The  aim  of  this  paper  is  to  present,  in  the  briefest  possible  out- 
line, the  present  situation,  in  several  chapters,  of  manuring,  and 
then  to  attempt  to  give  proper  place  and  value  to  the  experience 
of  the  past  decade  in  the  science  of  manuring.  This  latter  will 
at  the  same  time  be  presented  in  somewhat  changed  and  enlarged 
proportions. 

I at  once  present  this  question  : Under  what  conditions  is  it  pos- 
sible to  essentially  increase  the  return  from  the  soil  by  the  applica- 
tion of  artificial  fertilizers?  The  answer  is,  Wherever  hungry 
plants  grow,  wherever  the  earth  produces  plants  which  hunger  for 
nitrogen,  phosphoric  acid  or  potash,  there  the  application  of  com- 
mercial manures  should  be  made. 

The  cause  for  small  returns  is  not  always  a lack  of  plant  food. 
Often  the  plant  suffers  from  thirst ; from  insufficient  porosity  of 
the  soil,  whereby  the  root  development  is  checked ; from  caking 
of  the  soil,  which  works  harmfully  ; from  impenetrability  of  the 
soil,  by  which  stagnant  water  with  all  its  attendant  evils  is  en- 

* Translated  by  Prof.  Charles  Wellington,  in  answer  to  the  demand  for  informa- 
tion on  the  subject. 
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tailed  ; from  deficiency  of  lime,  of  humus,  etc.  ; in  short,  there 
are  very  many  physical  and  chemical  relations  of  soil  or  unfavor- 
able conditions  of  weather  which  prevent  the  plant  from  a healthy 
development,  and  which  diminish  the  crop. 

In  such  cases,  generally,  the  plant  has  no  need  of  a large 
addition  of  food  ; it  does  not  hunger.  The  small  quantities  of 
nutriment  present  in  the  soil  suffice  to  produce  the  crops  possible 
under  so  unfavorable  circumstances.  Here  the  establishment  of 
better  conditions  must  be  made  by  irrigation  or  draining,  deep 
culture,  better  ploughing,  harrowing,  hoeing,  marling,  mucking, 
etc.  The  plants  will  then  attain  a development  requiring,  for  the 
production  of  the  harvest  then  possible,  a greater  food  supply 
than  the  unenriched  soil  can  yield. 

Deep,  well-tilled,  humus  loam,  under  good  atmospheric  condi- 
tions, offers,  therefore,  relatively  the  best  pledge  for  a sure  effect 
from  commercial  manures ; and  every  means  which  improves  the 
quality  of  soil  advances  the  success  of  the  same.  Luxuriant  plant 
growth  and  intensive  soil  culture  are  synonymous  with  intensive 
conversion  of  plant  food  into  crops.  The  demand  for,  and  con- 
sumption of,  plant  food,  must  therefore  always  be  greatest  where 
the  greatest  yield  is  produced  or  producible.  In  a given  case,  the 
more  favorable  the  conditions,  aside  from  those  relative  to  nitro- 
gen, phosphoric  acid  and  potash,  the  faster  will  be  the  consump-> 
tion  of,  and  the  quicker  the  hunger  for,  those  substances,  and  just 
so  much  earlier  can  an  addition  of  plant  food,  beyond  that  barely 
necessary  to  appease  hunger,  be  made  to  the  crops  ; that  is,  the 
crops  can,  as  it  were,  be  fattened. 

In  intensive  cattle  feeding,  something  more  is  sought  to  be  ac- 
complished than  the  satisf}7ing  of  the  mere  needs  of  the  animals. 
Were  it  simply  a question  of  appeasing  hunger,  food  could  often 
be  saved.  But  a further  end  is  sought ; namely,  an  intensive  con- 
version of  fodder  constituents  into  animal  matter  within  the  animal 
organism  ; namely,  a production  of  milk,  muscle,  fat,  which  shall 
be  considerably  greater  than  that  actually  demanded  by  the  ani- 
mals, and  which  can  only  be  accomplished  by  increasing  the  appe- 
tite, by  the  use  of  specially  palatable  and  easily  digestible  food. 

But  the  same  order  holds  in  crop  production.  When  feasible, 
plants  should  be  cultivated  which  possess  prominent  productive 
powers,  — as  it  were,  great  fattening  capacity ; and  these  plants 
should  be  stimulated  to  more  intensive  assimilation  and  work  of 
transmutation  than  correspond  to  their  normal  necessities,  by  being 
supplied  with  easily  soluble  manures.  As  already  stated,  the  best 
possible  results  are  to  be  reached  only  on  better  grades  of  soil,  and 
under  relatively  favorable  conditions.  Still,  it  would  be  a grave 
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mistake  to  assume  that  artificial  manures  can  be  used  advan- 
tageously only  on  the  better  grades  of  soil.  This  would  be  abso- 
lutely incorrect ; for  large,  and,  under  favorable  circumstances, 
larger  results  are  secured  from  the  application  of  artificial  manures 
on  poor  and  even  neglected  and  exhausted  soils.  In  such  cases, 
the  application  of  fertilizing  materials  must  be  made  with  greater 
precaution  and  intelligence  ; for  it  demands  far  greater  attention 
to  special  conditions,  and  entails  greater  risk  than  with  better 
soils.  Saltpetre  manuring,  for  example,  on  soils  of  low  grade, 
requires  more  precaution  than  on  medium  soils.  After  the  appli- 
cation of  saltpetre,  the  danger  of  loss  of  nitrogen  has  to  be  taken 
into  account,  in  extremely  permeable  soils  subject  to  repeated  rain 
washings,  and  in  heavy  soils  that  are  liable  to  cake  and  harden. 
Moreover,  a very  light  soil  often  permits  the  plants  to  thirst  in 
midsummer,  and  thus  renders  them  incapable  of  elaboration  of 
large  quantities  of  nitrogen.  For  this  reason,  on  such  soils  arti- 
ficial manures  are  more  frequently  applied  with  winter  crops, 
while  in  spring  crops  the  chief  feeding  period  is  advanced  as  much 
as  possible. 

Unfavorable  physical  conditions  of  soil  diminish  the  guarantee 
of  a satisfactory  effect  from  commercial  manures  ; and  yet,  in  the 
use  of  these,  it  is  possible  to  check  the  interference  of  the  former 
with  plant  development.  Intensive  nutrition  of  the  plant  in  its 
earlier  stages  effects  a deeper  root  growth,  whereby  evil  results  of 
drought  are  prevented ; it  likewise  effects  an  early  shading  of  the 
ground,  which  opposes  surface  hardening ; also,  a more  vigorous 
development  of  the  plant,  thereby  diminishing  danger  from  surface 
and  subterranean  enemies,  which  in  unfavorable  weather  threaten, 
in  the  form  of  fungous  diseases,  etc.,  and  which,  as  is  well  known, 
are  much  greater  in  soils  of  poor  quality  than  in  those  of  better. 

Although  it  is  true  that  a soil  well  found  as  to  culture  and 
plant  food  better  ensures  effect  from  artificial  manures  than  a 
neglected  and  exhausted  one,  it  is,  on  the  other  hand,  important 
to  emphasize  the  fact  that  a cautious  and  rational  application  of 
commercial  manures  to  an  exhausted  soil  can  often  bring  about 
very  valuable  returns.  As  is  generally  known,  an  application 
of  barnyard  manure  on  such  soils  has  very  little  effect  at  first. 
Only  after  a series  of  years,  and  after  repeated  and  heavy  appli- 
cations of  manure,  can  the  former  fruitfulness  of  the  soil  be 
recovered.  But,  with  the  aid  of  artificial  manures,  we  are  in  a 
position  to  bring  this  soil  to  high  productive  power  at  once,  and 
to  retain  it  there  until  the  barnyard  manure  yields  generous  results, 
and  has  brought  back  a richness  lost  by  previous  irrational, 
exhaustive  management. 
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By  these  brief  hints  it  will  be  seen  that  artificial  manures  are 
applicable  not  only  to  rich  but  also  to  poor  soils  ; and  they  can 
render  the  observant  farmer,  be  his  soil  what  it  may,  a most  wel- 
come service. 

I will  summarize  as  follows  : — 

1.  Commercial  manures  place  the  farmer  who  cultivates  inten- 
sively in  a position  to  brihg  his  crops,  even  of  those  varieties 
which  need  most  plant  food  or  are  most  productive,  to  their  highest 
development,  increasing  the  yield  to  a degree  that  is  not  possible 
by  mere  barnyard  manuring ; and  furthermore,  they  place  him  in 
a position  to  return  very  exhaustive  crops  to  their  former  fields, 
after  relatively  short  intervals,  and  that  without  perceptible 
diminution  of  yield  or  exhaustion  of  the  soil. 

2.  Commercial  manures  place  the  cautious  and  circumspect 
farmer  in  a position  to  increase,  temporarily  or  permanently,  the 
development  of  crops  on  every  soil,  even  on  the  poorer ; and  to  so 
adjust  the  nutrition  of  the  same  to  the  peculiar  relations  of  soil, 
climate  and  weather,  as  to  secure  full  advantage  from  the  favor- 
able conditions,  diminishing,  and,  as  far  as  possible,  removing, 
the  unfavorable. 

3.  Commercial  fertilizers  enable  the  farmer  who  cultivates 
extensively  to  make  the  most  of  his  wide  acres  for  the  storing  of 
atmospheric  nitrogen.  Phosphates  and  potash  salts  give  to 
lupine,  clover,  vetches,  pease,  serradella,  etc.,  the  power  to  with- 
draw from  the  atmosphere  great  quantities  of  nitrogen,  thus  enrich- 
ing husbandry  with  the  most  valuable  of  all  fertilizers.  They  also 
enable  them  to  increase  the  food  capital,  and  to  gradually  trans- 
form the  extensive  production  into  an  intensive  one,  thereby 
increasing  both  the  value  of  the  land  and  the ’revenue. 

The  inquiry  now  is  pertinent,  What  are  the  plant  foods,  and  in 
wdiat  quantities  shall  we  apply  them  in  a given  case,  in  order  to 
obtain  the  highest  possible  net  profit?  The  answering  of  this 
query  is  fraught  with  difficulties.  It  is  easy  in  a particular  case 
to  say  whether  or  not  commercial  fertilizers  would  produce  an 
increased  yield.  The  crops  often  tell  whether  or  not  they  are 
suffering  from  hunger.  Their  pale  color  betrays  a lack  of  nitrogen  ; 
or  a red-brown  shade  in  the  green  of  the  leaves  indicates  that  the 
slowness  of  their  development,  in  spite  of  rain  and  sunshine,  is  a 
result  of  insufficient  nourishment.  A single  trial,  even,  shows 
whether  the  soil  is  really  receptive  of  manures ; and,  to  the 
farmer’s  experienced  eye,  there  is  no  particular  difficulty  in  deter- 
mining approximately  the  extent  of  this. 

But  the  questions,  Which  foods  are  superfluous  ; which,  on  the 
contrary,  are  necessary  ; and  how  much  of  each  is  demanded  in  a 
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given  case  to  reach  the  highest  possible  net  gain?  are  not  so  easy 
to  answer.  I will  attempt  in  a single  example  to  state  the  case 
clearly,  and  to  show  the  difficulty  in  question.  Assume  that  we 
are  able  to  raise  the  yield  of  a certain  wheat  field  to  the  extent  of 
2,000  pounds  of  grain.  With  what  have  we  to  fertilize  the  field? 
In  2,000  pounds  of  wheat,  grain  and  straw,  there  are,  in  round 
numbers,  20  pounds  of  phosphoric  acid,  30  pounds  of  potash,  and 
60  pounds  of  nitrogen.  Shall  we  produce  the  increased  yield,  if 
we  add  these  quantities  of  the  respective  substances  to  the  soil? 
No  ; for  with  greater  production  of  surface  substance,  more  roots 
are  formed,  and  these  also  need  food.  Furthermore,  the  fact 
must  be  borne  in  mind  that  the  soil  will  not  yield  up  to  the  plants 
immediately  the  entire  amount  of  food  which  it  has  received.  It 
retains  sometimes  more,  sometimes  less,  for  succeeding  crops. 
Consequently,  we  must  bring  into  the  soil  considerably  more  than 
the  above. 

Let  us  now  assume  that  the  following  amounts  have  been  added 
to  the  soil : 120  pounds  of  phosphoric  acid,  80  pounds  of  potash, 
and  100  pounds  of  nitrogen.  Can  we  now  reckon  on  an  increased 
yield  of  2,000  pounds  of  grain  and  about  3,000  pounds  of  straw? 
Yes.  But  is  this  manuring  a rational  one?  No,  at  least  not 
unconditionally.  And  why  not?  Because  we  have  wasted  per- 
haps the  one  or  the  other  of  these  food  materials.  Our  task  is  to 
increase  the  yield  by  2,000  pounds  at  the  least  possible  expense  ; 
for  the  gross  yield  is  to  us  nothing,  the  net  profit  everything. 
In  view  of  this,  we  must  ask,  Is  the  soil  really  lacking  in  each  of 
these  food  constituents,  and  to  the  amount  assumed?  Is  it  not 
possible  that  60  pounds  of  phosphoric  acid,  instead  of  120,  would 
have  sufficed,  since  perhaps  the  soil  still  contains  residues  of  this 
material  from  previous  manuring?  Is  it  not  possible  that  we 
could  have  omitted  the  potash  application  altogether,  because  the 
soil,  being  naturally  so  rich  in  potash,  has  perhaps  actually  no 
need  of  application  of  potash  salts?  Or,  again,  if  indeed  120 
pounds  of  phosphoric  acid  and  80  pounds  of  potash  were  really 
necessary  to  produce  the  increase,  is  it  not  possible  that  we  could 
have  economized  in  the  costly  nitrogen  manuring?  Is  it  not  pos- 
sible that  the  soil  is  chiefly  exhausted  only  of  phosphoric  acid  and 
potash,  and  that,  in  consequence  of  intensive  barnyard  or  green 
manuring,  or  of  the  value  of  the  humus  or  of  rich  nitrogenous 
remains,  such  as  pea,  vetch,  clover  or  lupine  roots,  etc.,  it  con- 
tains an  excess  of  nitrogen? 

All  this  is  quite  possible.  We  have  practised  great  extrava- 
gance, and  could  have  compounded  a much  cheaper  manure  and 
still  have  obtained  the  full  increase.  To  manure  rationally,  we 
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must  question  not  only  the  needs  of  the  plant,  but  also  the 
manurial  conditions  and  food  supply  of  the  soil.  We  must  know 
both  the  quantities  of  food  constituents  which  the  crop  needs  and 
also  the  amount  of  the  various  kinds  of  available  food  in  the  soil, 
to  be  able  to  judge  whether  the  additional  need  of  the  crop  in  one 
or  the  other  constituent  cannot  be  supplied  either  entirely  or  partly 
from  residues  now  in  the  soil. 

By  what  means  can  we  learn  whether  the  soil  contains  a surplus 
of  phosphoric  acid  or  nitrogen  or  potash,  or  of  any  two  of  these? 
Can  we  learn  by  means  of  a chemical  investigation  of  the  soil  ? 
No ; this  has  been  tried  repeatedly,  but  with  no  satisfactory 
result.  The  quantities  of  food  constituents  which  are  dissolved 
by  chemical  reagents  do  not  always  correspond  to  those  quantities 
which  the  plant  roots  are  able  to  appropriate  from  the  soil.  There- 
fore, conclusions  respecting  the  fruitfulness  of  the  soil,  arrived  at 
from  study  of  the  results  of  chemical  analysis,  are  often  entirely 
incorrect.  Very  often  it  has  appeared  that  soils  which,  according 
to  the  results  of  chemical  analysis,  are  rich  in  phosphoric  acid,  are, 
so  far  as  the  plants  are  concerned,  very  poor  in  this  constituent. 
Soils  whose  total  content  of  phosphoric  acid  is  relatively  slight, 
are  not  always,  by  any  means,  in  need  of  phosphate  manuring. 

Elements  of  plant  food  appear  in  great  variety  of  combinations, 
and  in  many  different  degrees  of  solubility.  Chemical  analysis  is 
not  in  a position  to  apply  a solvent  to  soils,  corresponding  to  the 
decomposing  agencies  of  the  natural  field  and  to  the  dissolving 
power  of  the  roots.  Such  a solvent  is  not  yet  discovered.  Safe 
conclusions  concerning  the  needs  of  a soil,  as  to  manuring,  can  be 
drawn  from  the  results  of  chemical  analysis  only  when  these 
show  exceptionally  high  or  low  amounts  present.  As  a rule, 
therefore,  we  must  seek  other  means  for  solution  of  the  question 
before  us.  Such  we  have  in  the  fertilizer  experiment ; and  this 
brings  us  to  a theme  which  might  easily  lead  to  tedious  and  pro- 
longed discussions,  but  I shall  endeavor  to  be  brief.  I will  show 
in  a few  words  that  the  fertilizer  experiment,  at  least  as  it  is 
commonly  carried  out,  fails  to  accomplish  the  purpose. 

Take,  again,  the  above  example,  and  let  us  assume  that  by  the 
fertilizer  experiment  it  can  be  proved  whether  potash  or  phosphoric 
acid  or  nitrogen,  or  any  two  of  these  materials,  can  be  spared 
either  half  or  entirely  from  the  manure,  without  thereby  diminish- 
ing the  yield  which  would  have  been  obtained  by  applying  the 
entire  manure.  We  make  the  following  trials  : — 
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NUMBER  OF  EXPERIMENT. 

Manurial 

p< 

Phosphoric 

Acid. 

Ingredients  a 

DUNDS  PER  ACR 

Potash. 

lPPLIED  in 
E. 

Nitrogen. 

1 

2, 

54 

36 

44 

3, 

- 

36 

44 

4, 

_ 

- 

44 

5 

54 

36 

- 

6, 

54 

- 

- 

7 

54 

- 

44 

8, 

27 

36 

44 

9, 

27 

18 

44 

10, 

27 

- 

44 

11.* 

54 

36 

22 

Here  are  trials  each  of  which  should  be  made  at  least  twice, 
which  results  in  twenty-two  trials.  The  amount  of  labor  involved 
is  great.  Even  if  we  brave  the  work  and  expense,  will  the  result 
correspond  to  the  trouble?  Let  us  consider.  Assume  that  the 
experiments  have  be'en  carefully  carried  out,  and  are  successful ; 
that  the  weather  has  caused  no  failures  ; that  there  were  no  ine- 
qualities in  character  of  soil ; that  birds  have  consumed  the  same 
amount  from  each  plot ; that  the  damage  from  insects,  mice  and 
fungoid  diseases,  loss  of  seed  in  cutting,  transporting,  threshing, 
etc.,  has  fallen  alike  on  all  plots,  so  that  the  figures  obtained  can 
be  accepted  as  sufficiently  accurate.  How  far,  now,  do  the  results 
bring  us  ? To  what  extent  do  they  enable  us  to  arrange  a manure 
for  our  soils?  Let  us  assume  to  have  found,  with  or  without 
phosphoric  acid,  an  equal  increase.  We  most  certainly  infer  that, 
in  the  present  case,  it  would  have  been  rational  not  to  fertilize  this 
wheat  field  with  phosphoric  acid.  But  what  further  conclusion 
therefrom?  That,  in  future,  we  do  not  need  to  manure  this  or 
similar  fields  with  phosphoric  acid?  No,  at  least  not  without 
further  study  ; for  the  phosphoric  acid  surplus  shown  by  these 
experiments  consisted  perhaps  simply  of  a quickly  consumed 
residual  from  the  last  manuring,  but  not  of  an  annually  formed 
quantity  of  soluble  phosphoric  acid,  coming  from  a reserve  in  the 
soil. 

Thus  our  twenty-two  carefully  executed  experiments  would  have 
told  us,  at  autumn,  how  we  should  have  manured  that  particular 
soil  in  the  spring.  We  do  not  know  whether  we  should  manure 
with  phosphoric  acid,  and  with  how  much  we  should  manure  the 
crops  succeeding  the  wheat,  which  would  very  possibly  demand 
from  the  soil  quite  different  proportions  of  phosphoric  acid,  etc. 
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This  is  indeed  poor  success.  We  may  well  counsel  against  such 
slightly  profitable  experiments,  or  indeed  save  ourselves  even  this 
effort ; for  the  farmer,  in  spite  of  much  advice  to  the  contrary, 
never  makes  such  experiments,  and  for  this  he  cannot  be  blamed. 
I endorse  his  views,  when  he  considers  that  a thorough  and  reliable 
experiment  costs  more  than  the  value  of  the  results,  and  that  a 
superficial  experiment  and  careless  interpretation  of  results  leads 
to  very  serious  errors. 

I am  of  the  firm  belief,  that,  in  this  entire  subject,  study  has 
not  been  carried  on  in  quite  the  right  direction,  and  that  funda- 
mental reform  must  be  aimed  at,  in  order  to  render  possible  a 
well-planned  and  rational  application  of  artificial  manures.  At 
present,  there  is  much  to  be  desired.  General  rules  are  adhered 
to.  Guessing  and  trying  in  every  direction  is  the  practice.  Con- 
cerning the  actual  need  of  potash  in  the  soil,  we  are  ignorant ; 
and  we  quiet  our  curiosity  by  applying  here  and  there  a little 
potash,  without  once  knowing  whether  its  application  is  in  the 
right  place,  is  sufficient,  or  indeed  even  necessary.  We  manure 
with  superphosphate  and  Thomas  slag  according  to  the  most 
general  rules,  but  cannot  possibly  determine  whether  too  much  or 
too  little  is  applied.  We  do  not  know  how  long  a phosphoric  acid 
application  lasts,  nor  how  much  remains  for  the  second  and  third 
crop  after  manuring.  We  do  not  know  whether  different  phos- 
phates become  gradually  more  or  less  soluble  in  different  soils, 
nor  in  what  degrees.  In  short,  we  grope  in  the  dark.  The  farmer 
can  give  himself  no  satisfactory  account  of  his  actions  in  these 
matters.  It  is  therefore  impossible  for  him  to  protect  himself 
from  profitless  investment,  or  to  get  full  advantage  from  oppor- 
tunities offered.  I will  indicate  the  direction  from  which  I hope 
for  a change  for  the  better,  and  present  the  following  state- 
ments : — 

The  belief  in  the  necessity  of  accurately  measuring  the  quan- 
tities of  phosphoric  acid  and  potash  required  by  each  cultivated 
plant  is  incorrect  and  irrational.  The  intelligent  farmer,  practising 
intensive  cultivation,  long  ago  discovered  the  correct  method  of 
procedure.  He  places  in  the  soil  a surplus  of  phosphoric  acid  and 
potash ; and  this  I hold  to  be  entirely  right.  Nitrogen  should  be 
measured  out  to  the  plant  as  accurately  as  possible,  but  not 
phosphoric  acid  and  potash.  How  much  phosphoric  acid  is  needed 
in  a particular  case, — i.  e.,  for  a particular  plant  on  a particular 
soil,  — in  order  to  produce  the  greatest  possible  yield,  cannot  be 
closely  calculated.  The  one  soil  is  rich  in  potash,  the  other  poor ; 
the  one  rich  in  phosphoric  acid,  the  other  poor.  The  one  crop 
needs  much  easily  soluble  potash  or  phosphoric  acid,  the  other 
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little.  The  one  soil  yields  the  phosphoric  acid,  applied  in  easily 
soluble  form,  directly ; the  other  renders  it  less  soluble,  and 
demands  a relatively  heavier  manuring  to  produce  an  equal  result. 
The  one  soil  has  never  or  very  rarely  received  phosphates,  the 
other  large  quantities  almost  yearly ; and  it  is  possible  that  the 
latter  possesses  a store  equal  to  the  demand  for  several  years. 

How  can  the  farmer  find  his  way  through  all  these  difficulties? 
He  cannot.  Nothing  remains  but  to  apply  an  excess  of  both  food 
constituents  ; and  in  this  there  is  indeed  no  danger,  for  potash 
and  phosphoric  acid  are  substances  which  the  soil  binds  up  and 
preserves  for  later  crops,  in  case  the  one  immediately  following 
demands  them  only  partially  or  not  at  all. 

• With  nitrogen  it  is  quite  different.  Nitrogen  is  not  bound  by 
th^  soil ; it  remains  freely  movable.  The  residual  from  a crop 
would  be  in  danger,  during  the  winter  months,  of  being  washed 
into  the  subsoil,  and  lost. 

But,  aside  from  all  the  difficulties,  at  present  insurmountable, 
which  prevent  an  exact  measurement  of  phosphoric  acid  and  pot- 
ash, this  is  not  the  correct  procedure  ; and,  further,  it  is  under 
all  circumstances  rational  to  apply  a surplus  of  these  food  con- 
stituents. In  support  of  this,  I adduce  the  following : — 

Assume  that,  of  the  phosphoric  acid  in  the  soil,  not  more  than 
one-half  pound  per  acre  can  be  assimilated.  This,  then,  might 
suffice,  if  the  plant  development  progressed  uniformly,  and  the 
weather  was  favorable  during  the  entire  period  of  vegetation. 
But  continuously  favorable  weather  we  never  have. 

Now  let  the  plants  thirst  for  weeks  at  a time.  No  phosphoric 
acid  is  assimilated,  nothing  is  elaborated.  If  rain  comes  and  then 
warm  weather,  the  plants  must,  if  a maximum  harvest  is  to  be 
had,  retrieve  what  has  been  lost,  and  within  the  next  week  elabo- 
rate as  much  as  they  should  have  done  in  two  or  three  weeks’ 
time.  For  this  two  or  three  fold  daily  production  they  require  a 
two  or  three  fold  quantity  of  phosphoric  acid  ; and  this  they  can 
get  only  when  there  is  in  store  a corresponding  surplus,  a supply 
from  which,  during  a few  days,  the  plants  can  draw  more  than 
under  normal  circumstances  is  necessary. 

A sure  maximum  harvest,  under  actual  circumstances,  is  only 
obtained  when  the  plant  is  in  position  to  take  full  advantage  of 
particularly  favorable  weather,  such  as  is  presented  only  during 
very  limited  periods  of  time.  The  storage  of  phosphoric  acid  in 
the  soil  must  therefore  be  sufficiently  large  to  meet  not  only  the 
normal  demand  of  the  plant,  but  also  an  occasional  abnormal  re- 
quirement. Consider  the  enormous  amount  of  plant  material  often 
produced  on  a rich  field,  in  a few  days  of  warm,  moist  weather, 
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and  the  large  quantities  of  phosphoric  acid  which  within  a short 
space  must  be  assimilated  and  incorporated. 

What  we  have  found  to  be  true  of  phosphoric  acid  must  also  be 
true  of  potash  ; for  this  does  nqt  remain  in  freely  removable  con- 
dition, like  the  saltpetre  nitrogen.  It  is  absorbed,  and  only  given 
up  by  the  soil  in  small  quantities.  Therefore,  I say,  a sufficient 
excess  of  phosphoric  acid  and  potash  must  be  present  in  the  soil, 
— a supply  sufficient  to  satisfy  the  demand  not  only  on  days  of 
normal  production,  but  also  on  days  of  the  most  vigorous  growth. 

But  if  now  we  accept  the  demand  for  storing  a surplus  of  phos- 
phoric acid  and  potash  in. the  soil  as  one  of  general  importance, 
then  the  question  relative  to  our  fertilizer  experiment  takes  a much 
more  simple  form,  and  its  requirements  are  more  easily  fulfilled. 

If  a field  be  manured  simply  with  the  usual  amount  of  phos- 
phoric acid,  leaving  a small  area,  say  fifty  square  yards,  without 
application,  it  can  be  determined  without  difficulty  whether  the 
phosphoric  acid  acts,  or  not.  Any  effect  should  be  detected  by 
the  eye,  and,  roughly,  the  amount.  This  is  especially  plain  in  the 
straw  crops  at  a very  early  period,  before  and  during  the  stem 
formation,  and  not,  as  has  erroneously  been  supposed,  at  the  seed 
setting.  If  the  phosphoric  acid  acts,  then  surely  the  manuring 
was  necessary,  and  a sufficient  surplus  was  not  previously  on 
hand. 

With  the  next  crop,  the  manuring  is  to  be  repeated  ; and  again 
a small  piece,  of  course  in  a different  position  from  the  first,  is  to 
be  left  free  from  manure.  Observation  is  again  made  as  to  any 
effect,  and  its  degree.  In  case  of  an  apparent  effect,  especially 
of  a very  marked  one,  the  phosphate  manuring  is  continued  per- 
haps through  a series  of  years,  and  eventually  increased.  From 
year  to  year,  then,  the  soil  becomes  richer  in  this  food  constituent ; 
for,  of  every  200  pounds  of  soluble  phosphoric  acid  brought  into 
the  soil,  the  next  succeeding  crop  uses,  as  a rule,  not  more  than 
20,  40  or  60  pounds,  140  to  180  pounds  remaining  in  the  soil,  for 
the  use  of  the  succeeding  cultures.  Thus,  from  year  to  year,  the 
point  is  neared  from  which  the  phosphoric  acid  manuring  can  be 
diminished  without  danger  of  starving  the  plants.  In  the  execu- 
tion of  the  experiments  just  indicated,  which  I will  more  minutely 
describe  in  another  place,  there  is  no  difficulty  in  following  the 
changes  in  the  fertilized  condition  of  the  soil,  or  in  drawing  prac- 
tical results  from  observations  made. 

The  question,  With  how  much  phosphoric  acid  and  potash  shall 
we  fertilize  our  'domestic  plants,  in  order  to  reach  an  increased 
yield  of  greatest  net  profit?  would  accordingly  be  answered  as 
follows.  By  means  of  an  easily  performed  experiment,  whose 
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results  can  be  determined  even  by  ocular  observation,  we  deter- 
mine whether,  in  the  soil  to  be  fertilized,  there  is  a deficiency  or 
surplus  of  phosphoric  acid  and  potash.  If  a deficiency  is  shown, 
we  apply  the  food  constituents  named,  in  quantities  within  the 
limits  of  ordinary  practice.  During  the  first  years,  in  case  the 
soil  has  shown  itself  to  be  very  much  in  need  of  manure,  heavy 
applications  (60  to  70  pounds  of  soluble,  or  125  to  145  pounds 
Thomas,  phosphoric  acid  per  acre)  are  made,  in  order  to  ensure  a 
sufficient  surplus.  With  the  phosphate  manuring  in  particular, 
one  should  not  be  too  economical.  Phosphoric  acid  is  now  at  a 
very  low  price,  and  the  Thomas  slag  offers  a most  advantageous 
means  by  which  to  supply  the  soil  with  this  ingredient.  In  vine- 
yards, orchards,  and  every  field  on  which  deep  culture  is  practised, 
the  lower  soil  layers  should  be  furnished  richly  with  Thomas  slag. 
After  having  applied  phosphoric  acid  abundantly  during  a series 
of  years,  light  manuring  may  take  the  place  of  the  heavy  (25  to 
35  pounds  soluble,  or  50  to  70  pounds  Thomas,  phosphoric  acid 
per  acre).  The  after-effect  of  earlier  manurings  is  now  obtained, 
and  by  experiment  we  determine  whether  phosphoric  acid  applica- 
tion cannot  often  be  entirely  omitted.  When,  for  example,  Mr. 
F.  Heine  of  Emersleben  * reckons  that  during  a period  of  sixteen 
years  he  has  incorporated  into  his  farm  an  average  per  acre  of  not 
less  than  57  pounds  of  phosphoric  acid  a year  more  than  he  has 
removed,  it  is  not  surprising  that  further  phosphoric  acid  manur- 
ing should  effect  nothing  in  his  soil  already  so  strongly  enriched, 
and  that  he  could  rely  for  several  years  on  this  collected  supply. 

The  necessary  surplus  of  phosphoric  acid  must  not  be  permitted 
to  become  a superfluity.  This  is  also  to  be  said  concerning 
potash ; but  naturally  rich  potash  soils  are  far  more  abundant  than 
those  rich  in  phosphoric  acid,  and  with  the  potash  supply  of  the  • 
soil  more  caution  is  necessary.  Potash  is  indeed  absorbed  by  the 
pulverized  soil,  but  it  becomes  soluble  again  more  easily  than 
phosphoric  acid  ; and  many  domestic  plants  are  very  sensitive  to 
strong  potash  manuring.  More  attention  is  therefore  to  be  given 
to  potash  manuring  than  to  that  of  phosphoric  acid,  and  care 
must  be  taken  to  avoid  a too  great  surplus  of  potash  salts  in  the 
soil. 

The  rule  which  the  farmer  must  follow  in  supplying  his  crops 
with  these  important  foods  is  clear  in  principle  and  very  simple  ; 
namely,  to  enrich  the  soil  with  the  food  constituents  under  considera- 
tion, until  they  are  present  in  sufficient  surplus , — that  is,  till  a fur- 
ther enrichment  is  without  effect;  and  to  hold  the  soil  in  this  degree 
of  food  surplus. 

* Deutche  Landwirtschaftliche  Presse,  1886,  No.  33. 
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Having  reached  this  fundamental  law  for  phosphoric  acid  and 
potash  manuring,  we  turn  to  the  subject  of  nitrogen  manuring, 
and  first  ask,  Must  we  manure  all  domestic  plants  with  nitrogen  ? 
To  this  question  we  say,  No.  Pease,  vetches,  clover,  lupines^ 
lucerne  and  similar  plants  make  far  less  demands  on  the  nitrogen 
content  of  the  soil  than  oats,  barley,  wheat,  rye,  buckwheat, 
beets,  carrots,  potatoes,  tobacco,  flax,  rape,  grass,  spurrey,  white 
mustard,  etc.  ; so  that  only  in  exceptional  cases  can  it  be  rational 
to  manure  the  first-named  plants  with  nitrogen  salts.  They  pos- 
sess a peculiar  power  to  avail  themselves  of  atmospheric  nitrogen, 
while  the  latter  lack  this  ability,  and  must  therefore  draw  the 
entire  amount  of  nitrogen  necessary  for  their  development  from 
the  soil. 

I have  carried  out,  in  connection  with  this  question,  very  many 
experiments  in  the  most  diverse  directions,  and  will  here  adduce  a 
few  examples  from  my  results. 

Manurings  of  18,  31  and  45  pounds  of  nitrogen  per  acre  were 
given  various  crops.  Barley,  rye,  oats,  wheat,  buckwheat,  car- 
rots, potatoes,  beets,  flax,  rape,  grass  and  spurrey  furnished  con- 
siderably increased  yields,  and  the  latter  stood  in  exact  relation  to 
the  increased  manuring ; while  with  pease,  red  clover,  lupines, 
vetches  and  lucerne,  no  increase  of  yield  was  obtained.  Let  the 
following  figures  serve  as  illustration.  For  more  convenient  read- 
ing, I have  placed  the  yield  obtained  with  barley,  without  nitrogen 
manuring,  at  100,  and  have  reckoned  the  other  yields  to  corre- 
spond : — 


Nitrogen  applied 
in  Pounds  per  Acre. 

None. 

18. 

31. 

45. 

Yield. 

Yield. 

Yield. 

Obtained. 

Calculated. 

Obtained. 

Calculated. 

Obtained. 

Calculated. 

Barley,  . 

100 

161 

167 

220 

218 

272 

268 

Spurrey,  . 

114 

176 

172 

214 

< 215 

254 

258 

Wheat, 

138 

212 

211 

270 

266 

316 

321 

Flax, 

145 

205 

203 

245 

247 

291 

291 

Pease, 

935 

938 

- 

961 

- 

883 

- 

Lucerne,  . 

976 

983 

- 

1,000 

- 

994 

- 
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Here  can  be  seen  with  what  regularity  and  exactness  the  yields 
of  barley,  spurrey,  wheat  and  flax  increased  in  relation  to  the  in- ' 
creased  manurings  ; while  with  pease  and  lucerne  absolutely  no 
increase  of  yield  was  obtained  by  nitrogen  manuring.  From  the 
figures  it  is  seen  at  once  that  the  pease  and  lucerne  must  have  had 
access  to  a much  richer  source  of  nitrogen  than  the  other  plants. 
While  the  yield  of  barley,  spurrey,  wheat  and  flax  only  reached 
100  to  145  on  unfertilized  soil,  and  could  be  brought  up  to  about 
300  only  after  corresponding  manuring,  pease  and  lucerne  gave 
on  the  same  soil,  unfertilized,  a yield  of  950  ; and  these  plants 
obtained  their  nitrogen  from  so  abundant  a source  that  saltpetre 
manuring  made  no  impression  whatever  on  them.  Similar  results 
are  reported  by  Hellriegel  and  E.  v.  Wolff.  Still  more  striking 
are  the  data  which  I obtained  from  sterile  sand  taken  from  below 
the  subsoil.  The  sand  was  placed  in  vegetation  pots,  furnished 
with  all  material  necessary  for  plant  nourishment  excepting  nitro- 
gen, and  planted  with  barley,  rape,  vetches,  lucerne  and  pease. 
Barley  and  rape  developed,  on  this  almost  nitrogen-free  soil,  so 
scantily  that  they  furnished  only  from  23  to  39  grains  of  vegetable 
matter ; while,  under  the  same  circumstances,  vetches,  lucerne 
and  pease  vegetated  luxuriantly,  and  the  latter  yielded  not  less 
than  1,389  grains  of  vegetable  substance.  If  we  represent  by  100 
the  nitrogen  contained  in  the  barley  and  rape  substance  yielded, 
then  the  nitrogen  of  the  pea  substance  harvested  under  like  cir- 
cumstances is  represented  by  the  enormous  amount,  8,700. 

Five  years  ago  I proved  and  stated  that  lucerne,  pease,  lupine, 
clover  and  similar  plants  possess  power  of  nitrogen  assimilation 
specifically  different  from  that  of  the  straw  crops,  potatoes,  beets, 
flax,  rape,  etc.  The  first-named  plants,  as  I said,  draw  from 
nitrogen  sources  which,  for  the  straw  crops,  potatoes  and  similar 
plants,  are  inaccessible,  and  in  such  large  measure  that,  under 
normal  circumstances  of  culture,  a manuring  with  nitrogen  salts  is 
unnecessary. 

W e can  therefore  divide  the  agricultural  plants  into  two  groups  ; 
namely,  nitrogen  collectors  and  nitrogen  eaters,  as  Schultz  of 
Lupitz  first  proposed  to  name  them  ; or,  as  I would  suggest,  into 
nitrogen  increasers  and  nitrogen  consumers.  The  nitrogen  in- 
creasers  (pease,  vetches,  lupines,  clovers,  etc.)  are  plants  which 
increase  the  nitrogen  content  of  the  soil,  and  therefore  the  circu- 
lating nitrogen  capital  of  the  establishment ; since  they  supply 
their  chief  need  of  this  element  from  the  atmosphere,  and  demand 
nitrogen  food  through  the  soil  only  during  the  first  of  their  growth. 
The  nitrogen  consumers  (straw  crops,  hoed  crops,  etc.)  are,  on  the 
contrary,  plants  which  consume  the  nitrogen  capital  of  the  estab- 
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lishment  and  of  the  soil ; for  they  can  appropriate  what  amounts 
to  nothing  from  the  atmospheric  supply,  and  must  absorb  all 
nitrogen  contained  in  their  harvest  products  in  the  form  of  nitrogen 
salts.  The  great  significance  which  the  nitrogen  increasers  have 
upon  the  economy  of  the  soil,  and  the  magnificent  service  which 
they  are  able  to  render  the  farmer,  I shall  consider  farther  on. 
We  have  to  discuss  at  present  the  nitrogen  manuring  of  these 
plants.  In  referring  to  what  has  already  been  said,  I must  again 
call  special  attention  to  the  fact  that  the  nitrogen  increasers  attain 
the  ability  to  supply  their  demand  of  nitrogen  from  the  air  only  upon 
reaching  a certain  degree  of  development , and  that  it  is  very  difficult 
for  them  before  this  period  to  dispense  with  the  nitrogen  of  the  soil. 
If,  now,  the  soil  contains  nitrogen  enough  to  feed  these  plants  till 
they  have  attained  this  ability,  an  application  of  nitrogen  is  super- 
fluous and  absolutely  irrational ; but,  if  not  enough  is  present  to 
quickly  accomplish  such  a development,  then  a small  manuring 
with  Chili  saltpetre  or  ammonia  salts  on  the  pease,  vetches,  clover, 
etc.,  is  necessary,  and  can  be  made  highly  remunerative. 

In  every  single  case  the  practical  farmer  must  determine,  if 
necessary  by  experiment,  whether  the  soil  is  so  poor,  so  extremely 
exhausted,  that  even  the  nitrogen  increasers  must  be  given  a 
nitrogen  manuring.  I believe  that  the  application  of  nitrogen 
salts  for  these  plants  can  be  rational  only  in  rare  cases  ; and  it  is 
not  difficult  to  determine  such,  for  mere  observation  shows  whether 
the  plants  require  nitrogen,  or  not.  If  one  attempts,  for  instance, 
to  grow  vetches  or  pease  on  a completely  sterile  sand,  devoid  of 
nitrogen,  the  need  of  this  element  appears  gradually  but  plainly  in 
the  diminutive  form  of  the  plant,  and  in  the  pale,  sickly  color  of 
the  leaves.  These  signs  vanish  quickly  if  the  plants  are  fed  with 
saltpetre.  The  pale  color  becomes  green,  new  and  healthy  shoots 
appear,  and  a vigorous  growth  sets  in.  If,  on  the  contrary,  the 
plants  are  not  manured,  are  allowed  to  hunger,  the  process  of 
vegetation  remains  for  several  weeks  in  this  inert  condition  ; the 
evidences  of  starvation  increase,  till  finally  the  atmospheric  supply 
of  nitrogen  becomes  accessible,  and  the  plants  vegetate  as  luxuri- 
antly as  if  they  had  been  manured  with  saltpetre.  Although  it  is 
indeed  possible  for  pease,  vetches,  clover,  etc.,  to  attain  the 
capacity,  after  continued  starvation,  to  draw  nitrogen  from  the 
air  entirely,  without  the  co-operation  of  soil  nitrogen,  it  is  never- 
theless in  the  highest  degree  dangerous  to  expose  them  to  this 
starvation  cure,  for  in  this  way  many  individual  plants  are  sacri- 
ficed. They  are  destroyed  by  pests,  being  too  weak  to  replace 
losses  caused  by  them ; they  dry  up  for  lack  of  deep  roots  ; they 
are  attacked  by  fungous  diseases,  because  their  juices  stagnate  ; or 
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they  starve  out  completely.  Therefore,  in  such  cases,  and  only 
such,  the  farmer  should  feed  the  starving  plants  a small  quantity 
of  nitrogen,  either  in  form  of  Chili  saltpetre  or  ammonia  salts  ; 
but  only  a little,  as  much  nitrogen  salt  would  be  an  extravagance. 
A small  application  of  perhaps  45  to  67  pounds  of  Chili  saltpetre 
per  acre  can  in  such  case  be  effective  and  remunerative  ; for  it  is 
simply  necessary  to  assist  the  plants  over  that  critical  period,  and 
to  bring  them  as  quickly  as  possible  to  a state  of  development  in 
which  they  have  the  ability  to  draw  nitrogen  from  the  atmosphere. 

Concerning  nitrogen  manuring  proper,  therefore,  we  have  to 
discuss  the  question  only  with  reference  to  the  so-called  nitrogen 
consumers  ; and  I now  ask,  With  how  much  nitrogen  shall  ice 
manure , in  order  to  attain  an  increased  yield  giving  the  greatest 
possible  net  gain  ? 

Here  the  answer  is  essentially  different  from  that  in  the  case  of 
phosphoric  acid  and  potash  manuring.  I state  it  thus  : Soluble 
nitrogen  is  not  to  be  offered  to  the  plants  in  surplus , but  is  to  be 
measured  out  to  them  as  nearly  as  possible  in  needed  quantities. 
If  we  assume  that  vegetation  is  governed  by  plant  foods,  then 
nitrogen  is  the  real  dictator  in  the  matter  of  growth,  with  all 
plants  requiring  nitrogenous  manure,  — that  is,  all  nitrogen  con- 
sumers. The  nourishment  of  these  plants,  the  application  of  food 
in  proper  quantity, — indeed,  the  entire  art  of  manuring,  is 
dependent  on  a rational  and  exact  application  of  nitrogen.  The 
farmer  applies  all  other  plant  foods  in  surplus,  but  nitrogen  he 
deals  out  to  the  plants  as  he  gives  rations  to  his  animals  ; and  in 
this  way  regulates  their  productive  activity,  and  gives  them  the 
power  to  realize  the  full  benefit  of  circumstances  favorable  to 
vegetation,  such  as  qualities  of  soil,  climate,  weather,  be  they 
continuous  or  intermittent. 

I now  revert  to  the  instance  adduced  on  page  60,  which  we 
will  here  still  further  consider.  We  had  assumed  the  task  of  rais- 
ing the  yield  of  a wheat  field  by  2,000  pounds  of  grain,  and  had 
observed  that  this  required  the  crop  to  consume  about  20  pounds 
phosphoric  acid,  30  pounds  potash,  60  pounds  nitrogen,  more  than 
was  before  necessary  for  the  production  of  superficial  substance 
(straw  and  grain).  Further  reflection  led  us  to  the  conclusion 
that  an  exact  calculation  of  the  phosphoric  acid  and  potash  neces- 
sary in  this  case  would  be  impossible  and  irrelevant.  We  under- 
stand, moreover,  that  it  is  simply  necessary  to  supply  the  soil 
with  an  appropriate  surplus  of  these  foods,  and  that  this  presents 
no  great  difficulty.  The  supply  of  the  nitrogen,  then,  is  the  prob- 
lem presented,  and  one  requiring  a different  solution  from  that  in 
the  cases  of  potash  and  phosphoric  acid. 
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In  this  case  we  can  and  must  calculate  closely.  We  can,  since 
we  know  that  the  entire  nitrogen  brought  into  the  soil  in  the  form 
of  saltpetre  and  ammonia  salts  is  at  the  disposition  of  the  plants  ; 
for  the  nitrogen  in  saltpetre  (and  also  ammonia,  after  transforma- 
tion to  nitric  acid)  is  not  bound  by  the  soil,  but  is  as  freely  mova- 
ble as  the  water  of  the  soil. 

On  the  other  hand,  we  must  figure  closely  with  the  nitrogen, 
and  not  apply  it  in  surplus,  because,  first,  nitrogen  is  costly,  and 
with  it  we  cannot  be  extravagant ; secondly,  any  nitrogen  residue 
remaining  in  the  soil  during  the  winter  months  becomes  lost ; 
thirdly,  a too  ample  supply  of  easily  soluble  nitrogen  causes  both 
an  abnormal  development  of  the  crop,  and  also,  under  certain 
circumstances,  a harvest  of  inferior  quality. 

But  the  difficulty  in  reckoning  the  nitrogen  necessary  for  a 
definite  increase  of  yield  is  not  great.  We  can  for  the  present 
assume,  so  far  as  investigations  now  indicate,  ‘that,  of  every  3 
pounds  of  saltpetre  nitrogen  brought  into  the  soil,  an  average  of 
2 pounds  enters  into  the  composition  of  the  crops.  Consequently, 
if  we  are  to  obtain  an  increased  yield,  containing  2 pounds  of 
nitrogen,  we  need  simply  to  bring  into  the  soil  once  and  one-half 
this  amount ; i.e .,  3 pounds  of  soluble  nitrogen.  In  the  case  under 
consideration,  therefore,  60  pounds  of  nitrogen  being  necessary  to 
produce  2,000  pounds  of  wheat  grain  plus  3,000  pounds  of  wheat 
straw,  it  is  evident  that  90  pounds  nitrogen  are  to  be  brought  into 
the  soil,  in  order  to  obtain  the  desired  increase. 

An  approximate  reckoning  of  the  nitrogen  necessary  in  every 
case  offers  consequently  no  difficulty.  Let  us  assume,  on  the  one 
hand,  that  of  the  15.5  pounds  nitrogen  in  every  100  pounds  Chili 
saltpetre,  about  10  pounds  serve  in  the  production  of  the  harvest. 
On  the  other  hand,  we  know  how  much  nitrogen  is  necessary  to 
form  every  100  pounds  grain  or  beets  or  potatoes,  with  corre- 
sponding straw  and  tops.  We  can  now  reckon  what  increased 
yield  wre  can  obtain  by  the  application  of  every  100  pounds  Chili 
saltpetre,  and  thereby  obtain  data  for  determining  the  quantity  of 
nitrogen  to  be  applied,  and  also  for  judging  of  the  result  of  the 
manuring.  I have  made  use  of  tables  published  by  Lierke,  in 
computing  in  this  manner  for  several  crops,  and  give  here  the 
results  of  these  computations.  They  show  the  following  increased 
yields  to  be  produced  by  applications  in  each  instance  of  100 
pounds  Chili  saltpetre  : — 


Wheat, 
Rye,  . 
Barley, 
Oats,  . 


350  pounds  grain  and 
330 

420  “ 

350 


500  pounds  straw. 
850 
600 
580 
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Corn,  . 

. 420  pounds  grain  and 

580  pounds  straw. 

Buckwheat. . 

. 420 

“ “ 

640 

66  u 

Potatoes, 

. 2,600 

“ tubers  and 

300 

“ leaves, 

Sugar  beets, 

. 4,500 

“ roots  and 

900 

“ 

Fodder  beets. 

. 3,900 

46  46 

1,000 

(4  fcl 

Carrots, 

. 3,700 

“ 

560 

• ( 46 

Chiekory,  . 

. 3,400 

it  « x 

410 

44  44 

Meadow  hay. 

. 645 

“ hay- 

Corn  fodder, 

. 5,300 

“ green  fodder. 

Rape,  . 

. 210 

“ grain  and 

600  pounds  straw. 

Hops,  . 

70- 

“ heads  and 

320  pounds  leaves 

and  vines. 

Tobacco, 

. 180 

“ leaves  and 

150  pounds  stems. 

Poppy, 

. 170 

“ seed  and 

500 

“ straw. 

I also  place  here  a second  representation,  which  shows,  in 
pounds  per  acre,  the  approximate  limits  within  which  it  is  cus- 
tomary to  apply  nitrogen  in  barnyard  manuring  : — 


Corresponding  to — 

Nitrogen. 

Chili  Saltpetre. 

Sulphate 
of  Ammonia. 

Straw  crops,  .... 

13  to  53 

89  to  356 

67  to  267 

Potatoes,  . . . . i 

22  to  45 

143  to  294 

_* * 

Sugar  beets,  carrots  and 
chiekory, 

22  to  53 

143  to  356 

Fodder  beets,  . . . . 

22  to  67 

143  to  445 

_* 

Rape,  turnips,  poppy  and 
mustard, 

22  to  67 

143  to  445 

111  to  356 

Tobacco, ! 

13  to  27 

89  to  178 

67  to  134 

These  extreme  quantities,  in  connection  with  the  previous  table, 
will  serve  the  agriculturist  as  approximations  from  which  to  reckon 
an  actual  case  of  nitrogen  application.  In  my  paper  on  nitrogen 
manuring,!  I explained  at  length  how  to  make  these  calculations, 
and  here  will  simply  adduce  a practical  example.  Let  us  assume 
that  we  are  to  increase  the  yield  of  a wheat  field  by  application  of 


* Not  reckoned,  because  the  ammonia  salt  manuring,  for  the  potatoes  and  beets, 
proved  to  be  far  less  effective  than  the  saltpetre  mann; ing. 

f “ The  Increase  in  the  Produce  of  the  Soil  through  the  Rational  Use  of  Nitrog- 
enous Manure.”  Translated  by  G.  G.  Henderson.  Published  in  1888,  by  Whitaker 
& Co.,  London. 
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Chili  saltpetre  ; other  conditions  are  favorable,  the  soil  is  rich  in 
potash,  and  phosphoric  acid  is  provided.  How  much  Chili  salt- 
petre must  be  applied  ? The  above  representation  shows  it  to  be 
customary  to  apply  from  89  to  356  pounds  Chili  saltpetre  per  acre. 
These  are  wide  limits.  From  the  previous  table  we  observe  that 
an  application  of  100  pounds  Chili  saltpetre  indicates  an  increased 
yield  of  350  pounds  grain ; therefore  356  pounds  saltpetre  allows 
us  to  calculate  a yield  of  1,246  pounds  of  grain.  In  order  to 
arrive  at  a result,  we  ask  how  much  the  field  would  produce  with- 
out manure.  This,  of  course,  we  cannot  know  exactly ; but 
previous  experience,  knowledge  of  the  condition  of  the  soil  and  of 
the  kind  and  quality  of  the  foregoing  crop,  permit  us  to  make  an 
approximation.  Assume  that  the  crop  would  be  2,000  pounds  of 
grain  per  acre,  how  much  can  we  increase  this  production? 
Here,  again,  it  is  impossible  to  know  exactly ; but,  after  consider- 
ing the  quality  of  the  soil,  the  climate,  the  best  harvests  which 
neighbors  and  others  have  reached  by  an  intensive  nitrogenous 
manuring,  a certain  amount  may  be  stated,  which  can  probably  be 
produced.  By  application  of  320  pounds  saltpetre,  we  could  cal- 
culate upon  a yield  increase  of  1,120  pounds,  i.  e.,  of  a harvest  of 
3,120  pounds  of  grain  ; but  now,  should  it  be  feared,  in  view  of 
local  conditions  or  previous  experience,  that  this  amount  cannot 
be  reached,  we  settle  on  2,800  pounds,  i.  e.,  an  increased  yield  of 
800  pounds  of  grain,  and  therefore  on  an  application  of  240 
pounds  Chili  saltpetre. 

Now,  for  determining  the  success  of  the  experiment,  two  or 
three  carefully  measured  plots  are  left  without  nitrogen  applica- 
tion. The  yield  from  these  must  be  separately  harvested  and 
weighed,  and  from  a comparison  it  may  be  seen  whether  or.  not 
the  nitrogen  application  has  produced  the  effect  expected.  If  the 
result  has  fallen  short  of  that, — if,  perhaps,  instead  of  800 
pounds  increase  only  640  pounds  have  resulted,  — we  must  search 
for  a cause.  Perhaps  there  was  a deficiency  in  potash,  phosphoric 
acid,  lime,  water  or  warmth,  which  prevented  the  full  efficiency  of 
the  nitrogen ; or  perhaps  the  nitrogen  applied  could  not  be  fully 
absorbed  and  assimilated,  because  of  the  influence  of  a heavy 
spring  snow  storm,  for  example,  which  washed  the  saltpetre  into 
the  subsoil.  Perhaps  the  number  of  plants  was  too  small,  either 
because  of  meagre  seeding  or  destruction  by  late  frosts  ; or  there 
may  have  been  too  many  plants,  — too  much  seed  sown,  and, 
because  of  crowding,  their  development  was  abnormal.  The  stand, 
becoming  weak,  suffered  from  deficiency  of  light,  and  lodged. 
Such  questions  must  be  raised  and  decision  reached  among  these 
possibilities. 
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Should  the  cause  be  found  by  aid  of  further  experiment,  perhaps 
then  must  be  considered  how  to  neutralize  it,  in  order  to  secure 
the  legitimate  effect  of  saltpetre  application.  If  it  proves  to  be 
beyond  control,  we  consider  whether  less  nitrogen  may  not  bring 
greater  profit.  If  those  240  pounds  of  Chili  saltpetre  fail  of  their 
full  effect  because  of  too  dry  soil,  and  if  experience  can  give  no 
hope  for  more  moisture  in  following  years,  then  it  is  highly  probable 
that  a smaller  nitrogen  application  would  be  more  profitable  ; and 
it  is  merely  a matter  of  calculation  to  ascertain  whether  it  is  more 
advantageous  to  get  full  effect  of  a smaller  manuring,  or  partial 
effect  of  a full  manuring.  It  is  not  invariably  true  that  the  lesser 
application,  although  completely  taken  up,  will  furnish  the  highest 
net  profit.  Relatively,  this  would  make  the  larger  harvest.  But 
a very  important  factor  here  is  the  absolute  amount  of  gross  return. 
Let  us  assume  that  a saltpetre  application  of  440  pounds,  which 
costs  about  $10,  gives  an  increased  yield  worth  $25  ; and  an  appli- 
cation of  880  pounds,  costing  about  $20,  returns  an  increased 
yield  not  of  $50,  but  of  $40.  Then  the  relative  return  from  the 
smaller  application  is  indeed  greater,  but  less  advantageous,  for 
its  net  return  amounts  to  $25  less  $10,  i.e.,  $15;  whereas  the 
heavier  application  furnishes  a net  profit  of  $40,  less  $20,  i.e., 
$20. 

I believe  now  I have  sufficiently  explained  the  chief  considera- 
tions suggested,  in  the  application  of  artificial  manures.  These 
may  be  summarized  as  follows  : — 

First.  Artificial  manures  (phosphoric  acid,  potash,  and  nitrog- 
enous fertilizers)  can  effect  an  increase  of  yield  when  all  other 
factors  are  either  temporarily  or  permanently  favorable. 

Second.  Phosphoric  acid  and  potash  are  to  be  stored  in  the 
soil  until  a surplus  is  present ; that  is,  until  an  excess  beyond  the 
demands  of  the  most  exhaustive  crops  is  supplied. 

Third.  The  nitrogen  increasers  (lupines,  pease,  clover,  vetches, 
lucerne,  etc.)  need,  under  normal  circumstances  of  cultivation,  no 
fertilizing  with  nitrogen  salts.  Only  on  exceptionally  poor  soils  can 
it  be  profitable  to  apply  these,  and  in  such  cases  the  application 
should  be  small,  and  made  duriug  the  first  period  of  growth.  This 
is  for  the  purpose  of  bringing  the  plants,  quickly  and  without  dis- 
turbance, to  that  stage  of  development  beyond  which  soil  nitrogen 
is  not  needed,  as  the  entire  amount  can  be  drawn  from  the  air. 

Fourth.  The  nitrogen  consumers  (straw,  hoed  and  oil  crops, 
flax,  hemp,  tobacco,  etc.)  require  nitrogen  manuring;  but  the 
nitrogen  must  not  be  applied  in  surplus,  only  in  quantities  which 
careful  computation  indicates  necessary  for  a required  increased 
yield  of  the  crop  in  question. 
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We  may  now  consider  a few  of  the  more  special  questions  ; and 
first  of  all,  those  connected  with 

Phosphoric  Acid  Manuring. 

Our  cultivated  crops  must  be  given  a surplus  of  phosphoric  acid  ; 
i.e.9  enough  to  produce,  under  any  circumstances,  the  largest  pos- 
sible harvest.  As  has  been  said,  this  surplus  must  not  be  too 
great ; it  must  not  amount  to  a superfluity.  If,  year  in  and  year 
out,  considerably  larger  quantities  of  phosphoric  acid  are  put  into 
the  field  than  the  harvests  remove,  then  a limit  is  gradually  reached, 
beyond  which  a regular  repetition  of  the  same  manuring  would  be 
irrational.  When  a sufficient  surplus  of  phosphoric  acid  is  obtained, 
it  should  be  held,  but  not  increased.  This  is  important  especially 
in  manuring  with  easily  soluble  phosphates.  Such  phosphates, 
after  application  to  the  soil  in  surplus,  become,  from  year  to  year, 
less  soluble  ; whereas  surplus  Thomas  slag  or  bone  meal  becomes 
more  soluble.  It  is  therefore  not  necessary  to  be  so  cautious  in 
applying  the  latter.  They  are  cheaper,  and  gradually  become  more 
soluble ; while  dissolved  phosphates  are  dearer,  and  gradually 
become  less  soluble. 

An  excessive  surplus  of  phosphoric  acid  is  not  only  an  extrava- 
gance, but  it  is  of  disadvantage  to  the  crop.  The  evil  effects  of 
heavy  phosphoric-acid  manuring  are  indeed  not  yet  proved  with 
absolute  certainty  ; but  the  probability  is  great,  that  under  many 
circumstances  they  are  actual.  An  explanation  of  this  it  is  not 
difficult  to  find.  It  is  the  same  as  that  which  I have  given  of  the 
hastening  effect  of  phosphoric  acid  in  ripening. 

Every  farmer  experienced  in  phosphate  manuring  knows  that 
strong  applications  of  phosphoric  acid  hasten  the  ripening  process 
in  cultivated  plants,  which  are  not  supplied  with  a surplus  quantity 
of  nitrogen.  The  plants  become  yellow  at  an  early  stage,  and 
ripen  faster  than  those  manured  with  surplus  nitrogen.  The  cause 
of  this  phenomenon  has  been  sought  in  a quickening  effect,  which 
phosphoric  acid  is  supposed  to  exert  on  all  the  living  functions  of 
plants.  Phosphoric  acid  is  said  to  make  the  plants  more  vivacious. 
This,  however,  is  not  quite  pertinent.  A plant  manured  with  a 
surplus  of  phosphoric  acid  does  not,  in  my  opinion,  live  faster, 
but  dies  faster.  As  is  generally  known,  the  so-called  ripening 
process  of  a plant  consists  in  a cessation  of  activity  in  the  manu- 
facture of  vegetable  material,  at  the  same  time  the  elaborated  prod- 
ucts scattered  through  leaves  and  stems  are  transferred  to  surface 
or  (as  in  beets,  potatoes,  etc.)  subterranean  deposits,  — the  so- 
called  fruits.  This  transferring  process  is  disturbed  and  prolonged 
when  the  ripening  plant  is  induced,  by  continued  applications  of 
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highly  nitrogenous  food,  to  continue  its  productive  activity.  If 
nitrogen  is  lacking,  this  process  is  hastened.  But  when  a plant  is 
manured  with  much  phosphoric  acid,  and  in  consequence  of  this 
has  formed  much  plant  material  and  consumed  a correspondingly 
large  amount  of  nitrogen,  it  is  very  apparent  that  the  nitrogen 
supply  of  the  soil  is  exhausted  correspondingly  early,  and  nitro-* 
gen  starvation  sets  in  much  sooner  than  when  phosphoric  acid  is 
not  applied.  Then  the  plant  stops  production,  and  allows  the 
ripening  process  to  be  completed  undisturbed.  This  is  presumably 
the  explanation  of  the  so-called  injurious  effect  of  phosphoric  acid, 
which  is  claimed  to  be  observed  in  cases  of  diminished,  instead  of 
increased,  yield,  after  heavy  applications  of  phosphate.  In  such 
cases  the  very  rapid  development  of  the  plant  causes  great  con- 
sumption of  water  and  nitrogen ; consequently  hunger  and  thirst 
appear  early,  and  operate  injuriously.  If  more  nitrogen  should 
be  applied,  either  at  first  or  promptly  after  the  rapid  growffh,  the 
injurious  effect  of  the  phosphoric  acid  would  not  be  apparent. 

It  is  often  stated  that  “ heavy  applications  of  phosphoric  acid 
readily  produce  injury  on  poor,  sandy  soil.”  But  it  should  be 
observed  how  this  effect  of  the  phosphoric  acid  is  brought  about. 
Primarily,  the  phosphoric  acid  acts  by  no  means  injuriously. 
Plants  manured  with  superphosphate  appear  at  first  more  vigor- 
ously developed  than  those  unmanured.  Not  till  later  does  this 
4 4 condition  disappear.”  Then  the  plants  cease  to  develop,  and 
their  leaves  become  yellow.  Hot  and  dry  weather  is  usual  at  this 
time,  and  the  plants  die.  They  “ripen  too  early.”  The  phos- 
phoric acid  has  “burned”  them,  as  is  frequently  said.  This 
4 4 burning  ” by  phosphoric  acid  is  nothing  else  than  the  conse- 
quence of  early  nitrogen  starvation,  with  heat  and  drought.  The 
small  amount  of  nitrogen  supplied  by  a sandy  soil  is  quickly 
consumed  by  those  plants  requiring  much  phosphoric  acid,  and 
consequently  much  nitrogen.  The  plants  then  starve,  and  the 
effect  of  heat,  drought  and  other  unfavorable  circumstances  on  a 
starving  plant  is  of  course  far  more  hurtful  than  on  a well-fed 
one.  Here,  then,  is  the  explanation  why  a crop  heavily  manured 
with  phosphoric  acid  finally  yields,  in  spite  of  an  early,  luxuriant 
development,  a lighter  harvest  than  another  which  has  not  been 
so  manured.  It  should  be  remembered  that  these  “ evil  effects  of 
phosphoric  acid”  can  be  avoided  by  application  of  nitrogen,  either 
at  the  beginning,  or  at  any  time  before  the  critical  period  is  passed. 
Nitrogen  salts,  or  more  gradually  acting  compounds,  as  barnyard 
manure,  green  manure,  ground  meat,  fish,  dried  blood,  etc.,  may 
serve  in  such  cases. 

Loss  of  interest  on  invested  capital,  danger  of  lessening  the 
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solubility  of  phosphoric  acid  applied,  and  a possibility  of  an  inju- 
rious effect,  are  not  the  only  considerations  which  warn  us  from 
excessive  phosphoric-acid  manuring.  We  may  well  ask,  here, 
whether  a heavy  surplus  of  phosphoric  acid  may  not  cause  the 
plants  to  take  up  considerably  more  phosphoric  acid  than  they 
need  in  the  elaboration  of  vegetable  substance  ; that  is,  to  con- 
sume phosphoric  acid  as  a luxury.  Comprehensive  experiments 
which  I have  carried  out,  have  led  me  to  the  following  results. 
So  soon  as  the  plant  lacks  nitrogen  or  other  food,  a luxurious  con- 
sumption of  phosphoric  acid  can  take  place.  The  plant  then  contin- 
ually absorbs  phosphoric  acid  from  the  soil,  which  it  cannot  assimi- 
late because  of  the  lack  of  nitrogen.  But,  if  nitrogen  is  not  lack- 
ing, then  the  danger  of  absorption  of  unassimilable  phosphoric  acid 
is  not  a present  one.  Aside  from  any  such  reasons,  the  agricult- 
urist mifst  never  allow  his  crops  to  lack  food.  Only  under  this 
condition  can  the  highest  yields  be  produced.  This  condition  ful- 
filled, a luxurious  consumption  of  phosphoric  acid  is  impossible. 
It  is  further  to  be  noticed  that  the  variations  in  content  of  phos- 
phoric acid  of  the  crop  are  found  chiefly  in  the  straw,  not  at  all  or 
only  to  a small  extent  in  the  grain  itself.  In  my  experiments,* 
for  example,  while  the  amount  of  phosphoric  acid  in  rye  straw 
was  raised  from  15  to  41  per  cent.,  that  in  the  rye  grain  was  only 
raised  from  .92  to  1.06  per  cent.  In  practice,  this  is  important; 
for  the  grain  alone  is  sold,  while  the  straw  and  fodder  remain 
largely  on  the  farm.  Therefore,  if  the  field  has  produced  a straw 
or  fodder  richer  in  phosphoric  acid  than  would  have  corresponded 
to  an  economical  consumption,  this  excess  is  not  lost  to  the  farm, 
but  is  transferred  to  the  barnyard  manure,  and  goes  back  to  the 
soil. 

On  this  account,  also,  it  appears  to  me  wise  to  furnish  fodder 
crops  especially  with  a not  too  meagre  surplus  of  phosphoric  acid. 
These  plants  need  much  phosphoric  acid  for  their  development ; 
and  if  too  much  is  given  them,  and  more  than  they  need  is  taken 
up,  then  the  barnyard  manure  is  simply  enriched  thereby,  and 
from  the  luxurious  consumption  no  injury  to  the  farm,  other  than 
the  loss  of  interest,  ensues. 

This  consideration  brings  us  immediately  to  the  following  gen- 
eral question,  Which  domestic  plants  are  to  be  manured  with  a 
large  surplus,  and  which  with  a small  surplus,  of  phosphoric  acid? 
Investigations  concerning  this  subject  have  unfortunately  led  to 
no  conclusions.  When  one  considers,  for  example,  that  rape 

* “ The  Manurial  Value  and  Rational  Application  of  Thomas  Slag,  in  Compari- 
son to  Superphosphate,  Bone  Meal,  Peruvian  Guano  and  Ground  Coprolite.” 
Darmstadt,  1888. 
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mast  assimilate  53  pounds  and  barley  only  22  pounds  of  phos- 
phoric acid  per  acre,  to  furnish  an  average  harvest,  we  are  forced 
to  think  that  rape  should  be  given  at  least  twice  as  much  phos- 
phoric acid  as  barley.  But  that  is  not  the  case.  The  necessary 
amount  of  manure  cannot  always  be  inferred  from  the  necessary 
amount  of  food.  The  necessary  amount  of  food  for  a plant,  as 
determined  by  chemical  analysis  of  the  crop,  is  often  essentially 
different  from  the  amount  of  manure  which  the  same  needs,  as 
determined  by  the  fertilizer  experiment.  The  same  soil  from 
which  one  domestic  plant  can  take  only  20  pounds  of  phosphoric 
acid,  yields  without  difficulty  60  pounds  to  another.  We  must 
therefore  determine  the  amount  of  manure  to  be  given,  not  simply 
by  the  need  of  a crop  for  plant  food,  but  with  reference  to  the 
manurial  need  of  the  plant ; that  is,  its  demand  for  easily  soluble 
materials.  • 

As  I have  stated,  the  investigations  on  this  highly  important 
question  have  not  yet  led  to  conclusions  ; but  I hope  soon  to 
report,  in  this  connection,  very  interesting  data.  At  present  I 
simply  advise  agriculturists  to  apply  phosphoric  acid  chiefly  to  the 
fodder  crops,  and  by  no  means  to  allow  the  meadows,  clover, 
lupine,  esparcet  and  vetch,  to  lack  phosphoric  acid.  Moreover, 
those  crops  which  it  is  important  to  hasten  in  the  ripening  process, 
e.  g .,  sugar  beets,  potatoes,  large  fruits  and  grapes,  should  be 
furnished  a large  surplus  of  phosphoric  acid ; and  especially 
when,  because  of  a cold  soil,  a slow  ripening  is  feared.  But,  on 
the  other  hand,  where  the  species  of  plant  or  condition  of  soil 
(dryness,  warmth,  deficiency  of  humus)  hastens  the  ripening, 
then  great  caution  is  necessary,  lest  the  surplus  amount  to  an 
injurious  excess. 

Another  question  here  arises  ; namely,  In  view  of  present  ruling 
prices,  of  special  aims  in  culture  and  of  special  qualities  of  soil, 
which  phosphate  is  it  most  advantageous  to  use?  The  principal 
commercial  phosphates  are  superphosphate,  including  all  dis- 
solved phosphates  (Peruvian  guano,  dissolved  bone,  etc.),  ground 
Thomas  slag  and  bone  meal.  These  have  very  different  market 
prices.  Phosphoric  acid  costs  per  pound,  in  superphosphates, 
from  6 to  7 cents  ; in  bone  meal,  from  4 to  4.5  cents  ; in  Thomas 
slag,  from  2 to  2.5  cents.  What  is  the  explanation  of  this  differ- 
ence in  price  ? Has  the  phosphoric  acid  a different  value  in  the 
feeding  of  plants,  according  to  whether  it  comes  from  superphos- 
phates, Thomas  slag  or  bone  meal?  No.  It  makes  no  difference 
with  the  plant  whether  phosphoric  acid  comes  to  it  from  guano, 
bone  meal,  ground  phosphorite,  superphosphate,  ground  coprolite, 
Thomas  slag  or  any  other  manure. 
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Here,  however,  is  the  explanation.  Phosphoric  acid  cannot  be 
taken  from  every  manure  with  equal  rapidity ; and  the  manurial 
value  of  a phosphate,  as  well  as  the  market  price  of  its  phosphoric 
acid,  is  determined  relatively  by  the  rapidity  with  which  the  plant 
can  draw  from  it  the  phosphoric  acid.  It  is  important  for  the 
agriculturist  to  get  return  from  his  outlay  as  quickly  as  possible. 
Therefore  it  is  important  that  phosphoric  acid  applied  to  the  soil 
should  become  dissolved,  enter  into  the  roots,  and  in  the  form  of 
vegetable  substance  be  returned  at  the  first  possible  moment.  A 
manure  whose  phosphoric  acid  comes  back  in  the  first  crop,  is  of 
course  much  more  valuable  than  one  which  returns  the  last  por- 
tions only  after  six,  eight  or  ten  years.  Therefore  the  rapidity  of 
the  effect  is  all-important,  if  we  would  determine  the  manurial 
worth  of  ground  Thomas  slag,  relatively  to  that  of  superphosphate 
and  bone  meal.  We  must  ascertain  how  rapidly  the  phosphates 
are  decomposed  and  taken  up  by  the  plants.  But  how  do  we 
accomplish  this?  By  what  method  can  we  determine  the  solubility 
of  Thomas  slag  phosphoric  acid  ? Here  is  apparently  no  difficulty. 
A large  number  of  chemical  solvents  are  at  our  disposal.  We  can 
treat  the  ground  Thomas  slag  with  dilute  acetic  acid,  citric  acid, 
ammonia  citrate,  etc.,  and  prove  whether  it  is  more  or  less  easily 
and  quickly  dissolved  than  other  phosphates.  In  fact,  it  has  been 
found  that  all  such  solvents  decompose  Thomas  slag  more  quickly 
and  completely  than,  for  instance,  the  undissolved  coprolite  meal. 
But  this  by  no  means  suffices  for  reckoning  the  manurial  value  of 
Thomas  slag  phosphoric  acid.  Remarkable  as  it  is  that  Thomas 
slag  is  dissolved  with  relative  ease  in  acetic  acid,  and  probable  as 
it  appears  that  the  manurial  value  of  its  phosphoric  acid  would  be 
great,  this  is  nevertheless  not  yet  determined.  In  the  soil  there 
is  no  acetic  acid,  no  ammonia  citrate.  There  we  have  to  do  with 
the  combined  effect  of  several  solvent  powers  which  proceed  from 
humic  acid,  soil  water,  various  soil  salts  and  the  acids  of  the  plant 
roots.  How  these  co-operating  agents  behave  toward  Thomas 
slag,  bone  meal,  superphosphates,  etc.,  must  first  be  determined, 
in  order  to  reach  a definite  and  reliable  statement  as  to  the  manurial 
value  of  Thomas  slag.  This  testing  can  only  be  accomplished  by 
fertilizer  experiments. 

Exact  and  reliable  fertilizer  experiments  are  unusually  difficult 
of  execution.  Experiments  in  the  open  field,  on  half  or  quarter 
acre  plots,  are  very  tiresome  and  unremunerative.  The  measur- 
ing and  staking  out  of  plots,  the  uniform  division  of  the  manure, 
the  harvesting  of  separate  small  crops,  with  careful  taking  of  all 
weights,  is  troublesome  and  expensive  work  ; and,  further,  the 
lack  of  uniformity  of  soil,  unfavorable  weather,  crop  enemies 
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above  and  below  the  surface,  accidents  from  all  sorts  of  animals, 
are  factors  which,  in  co-operation,  render  the  results  to  a high 
degree  uncertain  and  useless.  By  field  experiments  one  can  be 
led  into  the  greatest  errors,  unless  results  are  checked,  carefully, 
by  numerous  repetitions  with  similarly  fertilized  plots.  In  view 
of  this,  I have,  during  a long  series  of  years,  elaborated  a method 
by  which  fertilizer  experiments  may  be  carried  out,  on  a small 
scale,  in  great  number  and  in  an  exact  and  reliable  manner. 
More  than  a thousand  such  experiments  are  annually  conducted  in 
Darmstadt.  As  my  method  is  generally  known,  both  in  principle 
and  detail,  no  further  description  will  here  be  given.*  We  now 
pass  to  a consideration  of  some  interesting  results  furnished  by 
these  experiments.  A very  large  number  of  experiments,!  which 
were  carried  out  with  three  different  domestic  crops  — wheat, 
barley  and  flax  — and  two  different  kinds  of  soil,  with  a view  to 
ascertain  the  effects  of  commercial  phosphates,  yielded  the  follow- 
ing results.  In  order  to  produce  the  increased  yield,  which  every 
pound  of  phosphoric  acid  in  superphosphate  produces,  in  the  crop 
following  the  manuring,  there  are  necessary : 2 pounds  phos- 

phoric acid,  in  form  of  ground  Thomas  slag ; or  10  pounds  phos- 
phoric acid,  in  form  of  steamed  bone  meal ; or  10  pounds  phosphoric 
acid,  in  form  of  ground  coprolite. 

This  result  is  very  important,  for  it  shows  with  what  surprising 
rapidity  the  Thomas  slag  becomes  effective,  in  comparison  with 
bone  meal ; and  we  may  well  be  allowed  to  draw  the  following 
conclusions  : — 

1.  Different  series  of  experiments  have  shown  that  two  pounds 
of  phosphoric  acid  in  Thomas  slag  produce,  in  the  first  year  after 
application,  the  same  as  one  pound  of  soluble  phosphoric  acid.  It 
is,  therefore,  more  advantageous  to  apply  the  Thomas  slag;  for 
two  pounds  of  phosphoric  acid  in  this  cost  only  4.4  cents,  while 
one  pound  of  soluble  acid  costs  from  6 to  7 cents. 

2.  Two  pounds  of  Thomas  slag  phosphoric  acid  produced  the 
same  increased  yield  in  the  first  crop  following  the  application  as 
ten  pounds  of  bone  meal  phosphoric  acid.  The  bone  meal,  there- 
fore, must  be  considered,  in  comparison  with  Thomas  slag,  a much 
dearer  manure. 

These,  are  very  important  results,  practically,  but  they  are  not 
sufficient.  We  do  not  yet  know  what  manurial  value  the  Thomas 
slag  and  the  bone  meal  have,  in  comparison  to  superphosphates. 
It  would  be  a great  mistake  to  reckon  the  relative  value  of  super- 

* Information  concerning  my  method  is  to  be  found  in  an  essay  entitled,  “ The 
Manurial  Value  and  Rational  Application  of  Thomas  Slag,”  etc.  Darmstadt,  1888. 

t Minuter  details  in  my  paper  above  mentioned. 
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phosphate,  bone  meal  and  Thomas  slag  from  the  yields  of  the  first 
•crops  raised  after  manuring.  These  yields  only  show  the  rapidity 
with  which  the  different  phosphates  become  effective.  Their  com- 
plete manurial  value,  or  their  relative  market  value,  can  only  be 
determined  after  ascertaining  the  effects  of  each  phosphate  on  the 
succeeding  crops,  as  long,  indeed,  as  any  effect  can  be  noticed.  I 
have,  therefore,  by  further  experiments,  also  determined  the  after 
effect  which  the  different  phosphates  are  capable  of  exerting,  during 
the  second  year  after  the  manuring,  on  spring  rye,  turnips  and 
mustard.  It  was  indeed  to  be  foreseen,  with  considerable  cer- 
tainty, that  the  after  effect  of  the  Thomas  slag  would  be  greater 
than  that  of  the  superphosphates  ; for  on  the  one  hand  100  pounds 
of  soluble  phosphoric  acid,  and  on  the  other  200  pounds  of  Thomas 
slag  phosphoric  acid,  were  applied.  In  our  experiments,  60  pounds 
of  phosphoric  acid  are  taken  up  from  each  manure  ; there  then 
remain  in  the  soil,  of  the  100  pounds  soluble  phosphoric  acid,  only 
40  pounds,  but  of  the  200  pounds  Thomas  slag  phosphoric  acid, 
140  pounds  ; and  it  is  not  otherwise  possible,  than  that  the  140 
pounds  .of  Thomas  slag  phosphoric  acid  should  effect  very  much 
more  than  the  40  pounds  of  phosphoric  acid  in  the  superphosphate. 
This  assumption  was  in  fact  proved  by  my  further  experiments. 

In  my  above-mentioned  paper,  on  the  manurial  value  of  Thomas 
slag,  relative  to  superphosphate,  etc.,  I have  given  the  results  of 
a comprehensive  series  of  experiments.  From  these  I draw  the 
following  conclusions  : — 

1.  Two  pounds  of  Thomas  slag  phosphoric  acid  (applied  in  the 
form  of  ground  Thomas  slag,  containing  18  per  cent,  phosphoric 
acid  and  80  per  cent,  fine  powder)  produced,  the  first  year  after 
manuring,  the  same  increase  of  yield  as  1 pound  of  soluble  phos- 
phoric acid. 

2.  The  after  effect  of  the  2 pounds  of  Thomas  slag  phosphoric 
acid  in  the  second  year  after  manuring,  was  twice  that  of  the  1 
pound  of  soluble  phosphoric  acid.  If,  now,  we  allow  the  increased 
yield  produced  by  1 pound  of  soluble  phosphoric  acid  to  be  indi- 
cated by  100,  then  2 pounds  of  Thomas  slag  phosphoric  acid 
effected  in  the  first  year,  after  manuring,  a yield  increase  of  100. 
In  the  first  and  second  years  after  manuring,  the  increase  was  120. 
On  the  other  hand,  2 pounds  of  bone  meal  phosphoric  acid  pro- 
duced, in  the  first  year  after  manuring,  an  increase  of  10,  and  in 
the  first  and  second  years  after  manuring,  an  increase  of  22. 

These  results  show  that,  at  present  quoted  prices,  it  is  much 
more  profitable  to  use  ground  Thomas  slag  as  a manure  than  bone 
meal.  Bone  meal  becomes  effective  very  slowly,  while  even  the 
coarse  meal  (the  residue  from  sifting)  of  the  Thomas  slag  acts 
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more  quickly.  The  results  of  my  experiments,  which  have  been 
subjected  to  rigid  scrutiny,  as  well  as  the  favorable  experience  of 
agriculturists  generally,  induce  me  to  recommend  very  highly  the 
use  of  ground  Thomas  slag.  It  should,  however,  be  procured 
from  a reliable  source,  the  percentage  of  phosphoric  acid  and  of 
fine  meal  should  be  guaranteed,  and  a sample  of  the  material 
received,  examined  for  phosphoric  acid  and  fine  meal  at  the  proper 
experiment  station.  These  ingredients  vary  greatly  in  commercial 
wares.  If  the  Thomas  slag  has  less  fine  meal  than  corresponds  to 
the  normal  of  80  per  cent.,  it  acts  more  slowly,  and  has  therefore 
less  value.  Apparently  also  the  phosphoric  acid  in  a meal  richer 
in  this  material,  and  consequently  containing  less  lime,  becomes 
active  more  quickly  than  the  corresponding  quantity  in  a meal 
with  more  lime  and  les§  phosphoric  acid.  My  experiments  in  this 
connection  are  not  yet  concluded.  I shall,  however,  soon  report 
more  definitely  upon  it. 

Ground  Thomas  slag  may  be  applied  to  all  crops,  so  far  as 
present  experience  indicates.  A distinction  is  to  be  made,  how- 
ever, in  its  action  in  different  places.  Much  better  effect  is 
noticed  on  clover  and  meadows,  for  example,  than  on  sugar  beets 
and  spring  grain  crops.  As  the  yearly  quantity  of  slag  obtainable 
can  only  cover  a small  part  of  the  demand  for  phosphoric  acid, 
and  as  we  must  now,  as  formerly,  supply  our  principal  need  from 
the  superphosphate  factories,  I will  here  indicate  the  most  profit- 
able disposition  of  these  two  phosphoric  acid  manures.  I believe 
the  quantity  of  ground  Thomas  slag  yearly  offered,  should  be 
applied  primarily  on  moor  and  meadow  soils,  of  not  too  dry  char- 
acter, and  then  respectively  on  the  heavy  sand  soils,  all  lighter 
loam  and  sand  soils,  and  finally  on  the  fields  for  fodder  crops, 
clover  and  lucerne,  winter  crops,  etc.  This  use  would  soon  con- 
sume the  three  to  four  million  hundred-weight  of  ground  slag 
annually  offered  by  the  German  manure  market,  and  this  amount 
would  not  cover  the  special  cases  named.  For  what  remains,  and 
for  beets,  potatoes,  spring  grain  crops,  the  lime  and  heavy  clay 
soils,  superphosphate  should  be  taken.'  Wherever  the  soil  con- 
ditions favor  the  decomposition  of  phosphates  (in  moors,  meadows, 
moist  and  humus  fields) , or  where  it  is  wished  to  store  a supply  of 
phosphoric  acid  for  several  years  (fodder  fields,  vineyards, 
orchards),  or  where  finally  cultivated  crops  are  to  be  raised  which 
are  distinguished  by  relatively  long  vegetative  periods  (winter 
crops,  perennial  fodder  crops),  there  the  phosphates  which  become 
soluble  with  difficulty,  and  which  become  active  more  slowly,  are 
to  be  applied.  The  dissolved  phosphates,  i.  e.,  those  acting  more 
quickly,  are  on  the  other  hand  to  be  chosen  under  opposite  cir- 
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cumstances.  As  a matter  of  course,  prices  and  freight  expenses 
must  be  brought  into  the  calculation.  If  a choice  must  be  made 
among  the  commercial  phosphates  offered,  it  should  be  remem- 
bered, for  example,  that  the  ground  slag  is  considerably  dearer 
for  those  places  remote  from  the  grinding  mill's.  In  such  cases, 
superphosphates,  especially  the  double  superphosphate,  which 
costs  the  least  in  transportation,  may  be  applied  more  profitably 
than  the  Thomas  slag. 

Manuring  with  Potash  Salts. 

Unfortunately,  the  very  important  subject  of  potash  manuring 
is  at  present  but  little  investigated.  Which  domestic  plants  are 
most  in  need  of  potash  ; how  heavy  applications  can  be  made  with- 
out injury  ; in  which  cases  it  is  better  to  apply  potassium  chloride, 
and  in  which  potassium  sulphate  ; what  the  chief  and  what  the 
secondary  actions  of  the  crude  salts,  kainite  and  carnallite,  are, — 
of  all  this  we  know  nearly  nothing  as  yet.  What  little  we  do 
know,  can  be  expressed  in  few  words.  I will  present  the  follow- 
ing brief  statements.  Rich  potash  soils,  that  is,  those  not  needing 
potash  salts,  are  not  so  rare  as  those  not  needing  phosphoric  acid ; 
and  it  can  in  general  be  assumed  that  the  lighter  soils  are  more 
destitute  of  potash  than  the  heavier  ones.  The  soils  first  to  be 
supplied  with  potash  are  the  moors.  They  are  generally  so  devoid 
of  potash,  that,  without  heavy  kainite  manuring  or  its  equivalent, 
no  satisfactory  yields  are  to  be  obtained  from  them. 

Whether  it  is  better  to  apply  the  crude  salts  (kainite  and  carnal- 
lite), or  whether  the  pure  and  concentrated  salts  (potassium 
chloride  and  potassa  sulphate),  must  be  decided  in  the  first  place 
by  the  price  at  which  the  pound  of  potash  is  to  be  had  in  the  dif- 
ferent materials.  Potash  in  local  salt  deposits  is  much  cheaper  in 
the  crude  than  in  the  concentrated  forms.  As,  however,  the  latter 
contain  three  or  four  times  as  much  as  the  former,  the  freight  on 
the  raw  salts  amounts  to  three  or  four  times  that  on  the  concen- 
trated. Consequently,  beyond  a certain  distance,  the  potash  of 
purified  salts  is  much  cheaper  than  that  of  the  crude  salts. 

In  deciding  this  question,  moreover,  it  must  be  remembered 
that  the  common  salt  (sodium  chloride)  of  the  crude  preparations 
has  a binding  effect  on  the  soil,  and  increases  its  power  to  retain 
water.  It  is  this  effect  of  crude  salts  which  improves  the  char- 
acter of  light  soils,  but  which,  on  the  other  hand,  deteriorates 
heavy  soils  already  possessed  of  too  much  binding  quality.  It  is 
not  advisable,  therefore,  to  manure  heavy  soils  with  kainite  or 
carnallite. 

Again,  it  must  not  be  forgotten  that  plants  appear  to  be  sensi- 
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tire  — some  in  a greater  degree,  some  less  — to  concentrated 
solutions  of  chlorides.  It  is  best,  therefore,  in  the  application  of 
raw  salts  containing  much  chlorine,  to  spread  them  in  autumn,  or 
as  early  as  possible  in  the  spring.  They  will  then  exist  in  suf- 
ficiently dilute  solutions  in  the  soil  before  they  come  in  contact 
with  the  growing  plants.  Whether  it  is  true  that  potash  salts, 
containing  chlorine,  have  an  unfavorable  effect  on  the  quality 
of  many  crops,  is  yet  doubtful.  It  is  only  proved  in  the  case 
of  tobacco,  which  it  is  better  to  manure  with  potassa  sulphate,  or 
still  better  with  potassa  phosphate,  than  with  kainite.  As  has 
already  been  said,  if  the  soil  needs  potash,  it  should  be  given 
enough  so  that  a surplus  will  always  be  present.  But  it  must  be 
remembered  that  plants  are  much  more  sensitive  to  an  excess  of 
potash  salts  than  to  an  excess  of  phosphoric  acid. 

Potash  salts  also  must  be  applied  with  more  caution  than  phos- 
phates. Manurings  of  620  pounds  kainite,  or  135  to  180  pounds 
potassium  chloride,  or  corresponding  quantities  of  other  salts,  are 
to  be  regarded  as  very  strong  applications.  Concentrated  solu- 
tions in  the  soil  appear  to  be  specially  detrimental  to  beets  and 
potatoes  ; on  account  of  which,  it  is  customary  to  apply  potash,  in 
such  cases,  to  the  preceding  crop. 

Potash  salts  have  an  unusual  importance  in  the  manuring  of  the 
nitrogen  increasers ; e.  #.,  varieties  of  clover,  pease,  vetches, 
esparcet,  etc.,  as  well  as  of  meadows.  The  general  practice,  in 
manuring  meadows,  is  bad.  Not  enough  plant  food  is  applied, 
and  the  manuring  is  not  done  rationally.  The  spreading  of  liquid 
manure,  on  such  fields,  is  in  many  cases  irrational.  Economical 
considerations  may  often  seem  to  compel  this  practice.  It  may 
not  be  known  how  otherwise  to  dispose  of  this  material ; but  it 
must  be  remembered  that  the  nitrogen  of  liquid  manure  renders 
poor  service  in  meadows.  On  corn,  fodder  beets,  rape,  winter 
grain  and  in  orchards,  this  nitrogen  accomplishes  very  much  more. 
Meadows  have  no  particular  need  of  nitrogen  manuring.  They 
are  in  this  respect  independent.  If  simply  a potash  and  phos- 
phoric acid  manure  be  applied  to  a meadow,  its  vegetation  accom- 
modates itself  to  this  condition  of  things.  Vetch  varieties,  clover 
and  similar  plants,  then  grow  luxuriantly  ; they  need  no  nitrogen 
manuring,  for  they  take  from  soil  and  air  enough  to  supply  their 
entire  need.  A “grass  meadow”  is  converted  by  potash  and 
phosphoric  acid  manuring  into  a vetch  and  clover  meadow.  A 
meadow  suffering  neither  from  superfluity  nor  lack  of  water, 
manured  with  Thomas  slag  (during  the  first  years  about  700 
pounds  per  acre,  afterward  less)  and  kainite  (450  to  560  pounds 
per  acre),  often  produces  astonishing  yields  and  an  improved 
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quality  of  fodder.  Improved  grasses  and  clover  plants  increase 
after  such  a manuring.  In  general,  it  is  of  the  greatest  impor- 
tance to  manure  clover,  pease,  vetches,  lucerne  and  all  nitrogen 
increasers,  with  much  potash  and  phosphoric  acid. 

As  proof  of  the  luxuriance  with  which  the  nitrogen  increasers 
grow  even  upon  soils  with  little  nitrogen,  when  supplied  with  an 
abundance  of  potash  and  phosphoric  acid,  I cite  here  from  my 
experiments  the  following  example.  On  plots  containing  very 
little  nitrogen,  vetches  and  pease  were  sown,  in  August,  during 
three  successive  years.  In  late  autumn,  the  green  growth  was 
turned  under,  and  then  crops  of  spring  rye  grown.  These 
ploughed-in  crops  grew  with  extraordinary  luxuriance,  under 
careful  cultivation,  and  with  rich  phosphoric  acid  and  potash 
application.  They  furnished,  in  three  successive  years,  about 
178  pounds  atmospheric  nitrogen  per  acre  in  their  surface  growth, 
and  thereby  increased  the  rye  harvest,  in  round  figures,  2,940 
pounds  of  grain  and  6,680  pounds  of  straw  per  acre. 

This  experiment  shows  with  what  luxuriance  pease  and  vetches 
can  grow  without  nitrogen  manuring,  on  soils  poor  in  nitrogen 
(but  well  supplied  with  phosphoric  acid  and  potash) , even  when 
the  nitrogen  collected  is  continually  removed  from  the  soil  in 
the  chief  crop.  The  power  of  these  plants  for  collecting  nitro- 
gen is  extremely  great ; and,  the  sooner  they  can  be  satisfied  with 
phosphoric  acid  and  potash,  just  so  much'  more  quickly  and  vigor- 
ously do  they  take  up  atmospheric  nitrogen.  It  is  impossible  to 
emphasize  sufficiently  the  importance  of  amply  furnishing  these 
plants  with  phosphoric  acid  and  potash,  and  sometimes  even  with 
lime.  It  must  be  apparent  that  the  potash  manuring  of  nitrogen 
increasers  is  far  more  profitable  than  that  of  nitrogen  consumers. 
With  the  former,  potash  and  phosphoric  acid,  alone,  produce  an 
increased  yield  ; while,  for  the  latter,  nitrogen  in  addition  must  be 
bought  and  applied,  and  the  profitableness  of  phosphoric  acid  and 
potash  manuring  thereby  diminished. 

Since  the  year  1887  I have  begun  a number  of  larger  experi- 
ments concerning  the  different  questions  in  potash  manuring,  and 
hope  shortly  to  communicate  important  results  in  this  connection. 

Manuring  with  Nitrogen. 

We  have  already  considered  the  method  for  determining  the 
proper  amount  of  nitrogen  for  application  in  any  particular  case, 
and  have  here  to  consider  simply  the  selection  of  manures,  and 
the  best  methods  of  applying  them.  Unquestionably,  the  atmos- 
phere furnishes  the  cheapest  nitrogen  manure.  It  is  a free  gift. 
The  farmer  has  it  for  the  mere  asking ; and,  as  we  have  seen,  an 
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entire  series  of  cultivated  crops  are  capable  of  drawing  from  this 
ever-flowing  source,  with  as  much  ease  as  from  the  nitrogen  com- 
pounds of  a richly  fertilized  soil.  We  possess  in  these  plants  a 
means  by  which  we  can  increase  the  circulating  nitrogen  capital  of 
the  farm.  With  them  we  can  replace  the  deficit  caused  yearly  by 
the  exportation  of  nitrogenous  products  ; by  the  losses  incidental 
to  the  collection  and  preservation  of  animal  excrements,  by  the 
evaporation  of  soil  nitrogen  into  the  air,  and  by  filtration  through 
the  subsoil. 

Schultz  of  Lupitz  deserves  high  recognition  for  having  attracted 
general  attention  to  the  importance  of  utilizing  atmospheric  nitro- 
gen, and  of  manuring  the  soil  with  nitrogen-collecting  plants. 
He  and  Neuhaus  of  Selchowhave  shown,  at  once,  the  practicability 
of  this  process,  and,  in  a most  convincing  manner,  the  great  finan- 
cial advantages  which  accrue  to  the  farmer  who,  whenever  possible, 
feeds  his  plants  with  nitrogen  from  the  air,  and  fertilizes  his  soil 
with  atmospheric  nitrogen. 

I will  briefly  indicate  the  methods  by  which  atmospheric  nitrogen 
may  thus  be  rendered  useful : — 

1.  Cultivate  nitrogen-collecting  plants  as  the  chief  crop,  and 
turn  under  the  entire  harvest  material  as  manure  for  the  growth  of 
the  year  following.  This  method  causes  the  loss  of  an  entire 
year’s  harvest,  and  is  therefore  applied  only  on  light,  dry,  sandy 
soils. 

2.  Let  clover  and  other  leguminous  varieties  compose  the  chief 
crop  to  be  harvested,  of  which  the  stubble  and  roots  remain  as 
manure  for  the  succeeding  crop. 

3.  Sow  lupines,  serradella  and  clover  varieties,  with  the  chief 
growth,  consisting  of  some  straw  crop  ; and,  after  harvest  of  the 
grain,  plough  under  the  growing  plants,  either  in  late  autumn  or 
in  early  spring. 

4.  Sow  vetches,  etc.,  in  the  rolled  stubble  of  the  harvested 
chief  growth,  and  plough  under  in  late  autumn  or  early  spring. 

5.  Sow  Italian  clover  in  the  rolled  stubble  of  the  chief  growth. 
In  May,  a fodder  crop  having  been  cut,  the  piece  is  ploughed,  and 
then  the  stubble  and  roots  remain  as  manure  for  potatoes,  fodder 
beets,  ruta-bagas,  etc. 

Method  No.  3 is  particularly  recommended,  and  is  chiefly  appli- 
cable to  rye  culture,  on  soils  of  medium  quality  (loamy  sand  and 
sandy  loam). 

Mr.  Neuhaus  of  Selchow,  who  has  had  valuable  experience  in 
this  process  of  culture,  sows  with  machine  in  April  or  beginning 
of  May,  from  35  to  55  pounds  per  acre,  of  good  serradella  seed. 
This  is  sown  in  the  straw  crop  (rye,  oats  or  barley)  when  about  six 
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inches  high.  If  not  machine-sown,  the  seed  must  be  covered  by 
harrowing.  In  order  to  have  the  ground  well  covered,  and  to  suc- 
ceed with  at  least  one  of  the  so-called  intermediate  crops,  there 
are  still  thrown  on  to  this,  90  pounds  of  lupine  seed,  about  the  time 
when  the  rye  is  in  flower,  in  case  of  a heavy  stand  ; but,  if  this  is 
thin,  then  later.  The  lupine  seed  lying  on  the  surface  must  of 
course  have  rain,  in  order  to  sprout.  In  case  of  heavy  drought, 
this  sprouting  is  not  satisfactory.  But  Mr.  Neuhaus  states  that 
he  has  had  poor  success  not  oftener  than  once  in  six  or  seven 
years.  In  view  of  the  slight  cost  of  the  seed,  and  of  such  possi- 
ble great  advantage,  this  is  indeed  no  great  risk.  At  the  time  of 
the  grain  harvest,  the  plants  of  the  last  sowing  will  have  so  far 
developed  as  not  to  be  injured  by  the  cutting,  if  the  stubble  is 
left  somewhat  long.  If  the  autumn  is  exceptionally  dry,  they 
develop  very  luxuriantly,  and  in  favorable  years  furnish  a crop 
which,  according  to  Mr.  Neuhaus,  corresponds  (including  the  root 
mass)  to  not  less  than  125  pounds  of  nitrogen  per  acre  ; that  is, 
as  much  nitrogen  as  is  contained  in  25,000  pounds  of  barnyard 
manure.  In  addition  to  this,  experiments  have  shown  me  that 
nitrogen  in  green  plant  material  acts  much  more  quickly  than  that 
contained  in  barnyard  manure. 

As  far  as  possible,  therefore,  the  agriculturist  must  fully  utilize 
the  atmospheric  source  of  nitrogen,  and,  by  rich  applications  of 
phosphoric  acid  and  potash,  put  the  crops  in  position  to  take  the 
largest  possible  amount  of  nitrogen  from  the  air.  Plenty  of 
water ; plenty  of  phosphoric  acid,  potash  and  lime,  — these  are 
the  demands  made  by  the  nitrogen-collecting  plants  on  the  soil. 
The  nitrogen  they  provide  themselves ; and  yet,  for  intensive 
farming,  — for  an  intensive  culture  of  roots,  grain  and  oil  crops, 
tobacco,  potatoes,  etc.,  the  nitrogen  possible  from  the  air  is  not 
sufficient. 

Commercial  nitrogenous  manures  must  come  in  here,  to  aid  in 
reaching  the  highest  possible  net  profit.  Of  these,  Chili  saltpetre 
and  ammonia  sulphate  are  by  far  the  most  important,  for  they 
appear  in  the  market  in  much  the  greater  quantities.  Peruvian 
guano,  with  a high  percentage  of  nitrogen,  has  become  very  scarce  ; 
and  dried  blood,  ground  horn,  fish  and  meat,  wool  refuse  and 
ground  leather,  appear  in  the  market  in  relatively  insignificant 
quantities. 

Nevertheless,  the  question  as  to  the  manurial  value  of  the 
latter,  that,  is,  of  organic  nitrogen  manures,  is  important  enough 
to  demand  careful  and  exact  investigation.  I therefore  arranged, 
in  the  summer  of  1887,  an  interesting  series  of  experiments 
intended  to  show  : — 
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(a)  How  quickly  the  nitrogen  of  these  manures  becomes  active. 

(b)  How  much  nitrogen,  in  form  of  ground  bone,  dried  blood, 
wool  waste,  etc.,  must  be  applied  in  the  primary  and  after-manur- 
ings,  in  order  to  reach  the  same  yearly  effect  which  is  obtained  with 
100  pounds  of  Chili  saltpetre. 

(c) '  How  much  of  the  nitrogen  brought  into  the  soil,  in  these 
manures,  is  really  available  for  plant  feeding,  and  how  much,  on 
the  other  hand,  becomes  lost  (as  free  nitrogen)  by  chemical 
decomposition. 

These  questions  it  was  intended  to  solve  by  using  marled  and 
unmarled  soils  ; and  I hope  to  obtain,  in  the  course  of  a few 
years,  practical,  valuable  results.  Experiments  already  made 
elsewhere,  have,  unfortunately,  not  furnished  sufficient  data  for  the 
determination  of  the  relative  value  of  the  manures  in  question. 
They  have  in  every  instance  been  executed  during  only  one  year. 
The  after  effects  of  the  organic  nitrogen  manures  have  thus  been 
left  out  of  consideration  ; and,  moreover,  the  results  exhibit  impor- 
tant contradictions.  The  only  definite  statements  that  can  now  be 
made  are  these  : Dried  blood  and  ground  horn  decompose  more 

quickly  than  ground  fish,  ground  meal  or  bone  meal.  The  decom- 
position of  wool  waste  and  ground  leather  proceeds  very  slowly. 
It  is  impossible,  at  present,  to  make  definite  numerical  statements. 
The  prices  which  it  is  customary  to  pay  for  the  slowly  decompos- 
ing nitrogen  manures,  are  proved  to  be  too  high  in  comparison 
with  that  of  saltpetre  and  ammonia.  Toward  the  close  of  1889  I 
shall  probably  be  able  to  communicate  more  in  detail  concerning 
my  work  in  this  connection. 

The  relative  value  of  nitrogen  in  ammonia  and  saltpetre  is  also 
as  yet  undetermined.  In  comparative  field  experiments,  it  has 
been  found  that  the  increase  of  yield,  after  manuring  with  ammo- 
nia sulphate,  is  sometimes  higher  and  sometimes  considerably  less 
than  that  obtained  after  the  corresponding  manuring  with  saltpetre. 
In  a majority  of  cases  the  ammonia  manuring  with  sugar  beets  and 
potatoes  has  shown  such  poor  results,  in  comparison  with  saltpetre 
manuring,  that  it  is  rejected  as  too  unsafe  for  these  crops.  Chili 
saltpetre  alone  is  recommended  as  a nitrogen  manure  for  them, 
wffiile  with  straw  crops  a still  more  unfavorable  record  has  been 
obtained  from  ammonia  salts. 

No  satisfactory  conclusions  have  yet  been  reached  from  the 
field  experiments,  for  the  variations  in  results  have  been  unusually 
great.  If  we  represent  the  increased  yield  obtained  with  saltpetre 
nitrogen  by  100,  the  corresponding  results  from  ammonia  manur- 
ing would  give  83,  100,  115,  144,  and  then  again  46,  47  and  43. 
These  are  examples  of  what  has  been  obtained  with  grains.  A 
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cause  for  such  differences  has  not  been  discovered  ; and,  indeed,  it 
is  not  known  whether  the  differences  are  reliable,  or  really  due  to 
difference  in  action  of  saltpetre  nitrogen  and  ammonia  nitrogen. 

I have  during  the  last  two  years  carried  on,  and  to  some  extent 
completed,  quite  comprehensive  experiments  on  the  effect  of  ammo- 
nia manuring  in  relation  to  saltpetre  manuring.  I have  attempted 
to  determine  the  magnitude  of  the  difference  between  the  effects 
of  the  nitrogen  salts  in  question,  and  to  explain  the  causes  of  the 
different  effects.  The  following  brief,  notes  are  taken  from  the 
results  of  my  work  : — 

1.  Experiments  with  grass,  oats,  rye,  buckwheat  and  turnips, 
on  loam  soil  containing  a small  percentage  of  lime  carbonate, 
show,  for  the  most  part,  no  considerable  difference  between  the 
action  of  ammonia  and  saltpetre,  when  the  manuring  was  done  in 
the  spring  and  immediately  before  sowing.  To  what  extent  the 
lime  carbonate  exerted  an  influence  on  the  effectiveness  of  the 
ammonia,  or  whether  it  exerted  an  influence  at  all,  I do  not  know. 
I am  still  to  test  this.  In  several  series  of  experiments  the  effect 
of  the  ammonia  nitrogen  was  precisely  equivalent  to  that  of  salt- 
petre. In  several  cases  the  ammonia  nitrogen  effected  somewhat 
more  than  the  saltpetre,  while  in  others  the  ammonia  effect  was 
from  10  to  15  per  cent,  less  than  that  of  saltpetre.  The  causes  of 
these  differences  have  not  yet  been  determined. 

2.  On  a soil  consisting  of  equal  weights  of  loam  and  acid 
(mossy)  turf,  the  effect  of  the  ammonia  manure  was  very  late  and 
slight,  in  comparison  with  that  of  the  saltpetre  manure.  On  the 
same  soil,  mixed  with  lime  marl,  the  ammonia  effect  was  from 
beginning  to  end  precisely  that  of  the  saltpetre. 

3.  It  has  been  supposed  that  the  sulphuric  acid,  combined  with 
the  ammonia,  acts  disadvantageously  on  the  plants,  and  to  this 
the  average  lesser  effect  of  the  ammonia  nitrogen  is  due.  This  is 
not  the  case,  at  least  under  all  circumstances.  Even  exceptionally 
heavy  applications,  if  not  less  than  267  pounds  nitrogen  per  acre, 
furnished  the  same  yield  of  oats  and  wheat,  when  in  form  of 
ammonia  sulphate,  as  when  in  form  of  ammonia  carbonate  or 
nitrate. 

4.  On  calcareous  loam,  very  heavy  manurings  of  ammonia 
nitrogen  acted  with  equal  rapidity  to  corresponding  applications  of 
saltpetre  nitrogen.  Under  the  condition  of  heavy  and  continuous 
rains,  shortly  after  seed  sowing,  when  the  saltpetre  was  washed 
through  the  soil,  and,  for  the  time  being,  removed  from  the  plant 
roots,  the  ammonia  nitrogen  produced  quicker  effect  than  the  Chili 
saltpetre. 

5.  It  has  often  been  emphasized  that  ammonia,  as  such,  before 
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being  transformed  to  nitric  acid,  can  work  injuriously  on  the 
plants.  This  may  be,  and  it  is  possible  that  the  sensitiveness  of  * 
plants  to  ammonia  is  very  variable.  It  is  possible  that  the  unsat- 
isfactory experience  thus  far  had  in  ammonia  manuring,  especially 
with  roots  and  potatoes,  is  due  to  a particular  sensitiveness  of 
these  very  plants  to  ammonia.  It  is,  however,  singular  that  actual 
cases  of  damage  (manifested  by  yellow  color  and  scanty  develop- 
ment of  the  plants)  do  not  appear  regularly  after  very  heavy 
ammonia  manuring,  but  occur  only  rarely,  and  as  exceptions.  It 
is  this  irregularity  in  the  appearance  of  an  adverse  effect,  either 
slight  or  considerable,  of  ammonia  manuring,  which  has  induced 
me  to  advise  caution  in  the  application  of  ammonia  sulphate,  and 
to  point  out  the  slight  value  of  average  statements  calculated  from 
the  results  of  field  experiments.  • 

6.  It  is  remarkable  that  I obtained,  repeatedly,  after  applica- 
tion of  ammonia  salts,  considerably  smaller  yields  than  after 
saltpetre  manuring.  This  the  following  experiment  shows  : — 

Oats  w^ere  manured  with  ammonia  sulphate,  carbonate  and 
nitrate,  and  a mean  of  20.3  ounces  of  harvest  was  obtained,  the 
results  mutually  agreeing.  The  corresponding  saltpetre  manuring 
yielded  21.1  ounces.'  With  no  manure,  a harvest  of  9.4  ounces 
was  obtained. 

A crop  of  turnips  (harvested  early)  followed  the  oats  in  the 
same  year.  The  same  nitrogen  compounds  were  applied  on  the 
corresponding  plots,  as  in  the  case  of  the  oats.  The  ammonia 
salts  furnished  an  average  of  3.5  ounces  of  material;  the  Chili 
saltpetre,  on  the  contrary,  4.8  ounces  in  excess  of  the  unmanured. 
Saltpetre  nitrogen  thus  produced  a third  more  than  the  ammonia 
nitrogen.  The  cause  of  this  result  could  have  been  that  the  soil 
conditions  were  unfavorable  for  the  action  of  the  ammonia,  or 
that  the  ammonia  had  yielded  less  to  the  turnips  than  to  the  oats. 
In  order  to  settle  this  question,  plots  were  laid  out  in  the  follow- 
ing year,  sown  with  oats,  and  the  respective  nitrogen  manures 
applied.  It  was  then  clear  that  the  ammonia  salts  produced  less 
than  the  saltpetre,  even  with  the  oats.  The  yield  with  saltpetre 
was  20  per  cent,  more  than  that  with  the  ammonia  salts. 

It  is  here  apparent  that  the  kind  of  crop  did  not  cause  the 
slighter  effect  of  the  ammonia,  but  changes  in  the  soil  conditions 
must  have  brought  about  the  superior  effect  of  the  Chili  saltpetre 
with  the  second  or  third  crop. 

The  character  of  these  changes  must  still  be  investigated.  I 
will  here  call  attention  to  one  point ; namely,  that  the  soda  of  the 
saltpetre  exerts  a certain  influence  on  the  physical  character  of 
the  soil.  In  reacting  with  the  lime  carbonate  of  the  soil,  soda 
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carbonate  is  formed,  which,  by  superficial  attraction,  is  bound  to 
the  soil.  This  holds  the  soil  particles  more  firmly  together,  and 
increases  their  water-retaining  power.  It  was  long  ago  discovered 
that  saltpetre  manuring  tends  to  increase  the  crusting  of  soils,  and 
at  the  same  time  their  water-retaining  power.  No  explanation 
has  ever  been  given.  It  has  simply  been  spoken  of  as  an  effect  of 
saltpetre,  with  no  further  question  as  to  a cause. 

Now  we  know  that  this  is  due  to  the  soda,  and  also  that  a second- 
ary and  similar  effect  of  the  saltpetre  must,  appear,  whenever  it  is 
applied  in  quantities  so  large  that  the  plants  can  no  longer  con- 
sume the  soda.  Investigations  in  this  direction  are  certainly  to 
be  recommended.  They  are  apparently  destined  to  throw  much 
light  on  many  cases  in  which  applications  of  saltpetre  result  more 
favorably  than  those  of  ammonia.  The  same  behavior  is  noticeable 
with  kainite.  Kainite  consists  of  one-third  sodium  chloride  ; and, 
in  consequence  of  this  sodium  content,  it  acts  very  favorably  on 
light  soils.  It  occasions  the  soil  particles  to  adhere  more,  and 
increases  their  water-retaining  power.  In  England,  also,  the 
superior  effect  of  saltpetre  over  ammonia,  in  repeated  heavy 
manurings,  has  been  determined.  At  first,  even  for  several 
successive  years,  the  ammonia  effected  more  than  the  saltpetre. 
Then  this  relation  was  reversed,  and  in  the  succeeding  years  the 
saltpetre  produced,  regularly  and  often  considerably,  more  than 
the  ammonia.  In  this  entire  question  nothing  is  clearly  under- 
stood. We  do  not  yet  know  the  factors  which  occasion  the  trans- 
formation of  ammonia  into  nitric  acid,  which  favor  or  which 
hinder.  So  long  as  we  are  ignorant  of  this,  and  investigations 
present  such  totally  contradictory  results,  no  conclusions  can  be 
drawn.  Until  the  fundamental  questions  concerning  the  applica- 
tion of  ammonia  and  its  action  in  the  soil  are  answered,  we  must 
defer  any  further  explanation  of  the  difference  in  action  between 
saltpetre  and  ammonia  manures.  Nothing  permanent  and  useful, 
at  least,  can  be  built  on  the  present  swaying  foundation.  Clear 
and  definite  knowledge  as  to  transformation  of  ammonia  in  the 
soil  is  wanted.  At  present,  I can  only  offer,  as  reliable,  the  state- 
ment that  ammonia  manuring  effects  very  little  in  acid  turf  or 
humus  soils,  unless  the  same  are  previously  treated  with  marl  or 
lime. 

We  may  now  consider  the  application  of  Chili  saltpetre.  This 
salt  contains  nitrogen  in  a form  which  allows  immediate  absorp- 
tion and  assimilation.  It  is  not  subject  to  the  absorbing  powers 
of  the  soil,  but  remains  perfectly  free,  and  therefore  becomes 
quickly  effective.  A plant  lacking  nitrogen,  watered  with  a solu- 
tion of  saltpetre,  shows,  three  days  afterwards,  the  effect  of  the 
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nitrogen  applied.  Its  leaves  become  dark  green,  — a sign  of 
luxuriant  growth.  Chili  saltpetre  presents  to  us,  therefore,  as 
does  no  other  nitrogen  manure,  a means  with  which  to  influence 
quickly  the  development  of  plants.  By  sowing  saltpetre  on  a 
young  crop,  which  has  perhaps  suffered  from  frost  or  insect' 
attacks,  the  plants  are  induced  to  sturdy  and  luxuriant  growth. 
Even  at  a later  period  of  vegetation,  if  necessary,  wTe  can  give 
them  nitrogen  food  in  this  immediately  assimilable  form. 
Although  w^e  possess' in  Chili  saltpetre  a manure  freely  movable  in 
the  soil,  immediately  effective  for  the  plant,  and  which  is  absorbed 
with  great  avidity,  precaution  in  its  use  must  be  observed,  other- 
wise the  best  effect  possible  is  not  secured.  But  whatever  may 
be  true  here,  is  of  equal  importance  in  the  case  of  ammonia. 
Under  normal  circumstances,  ammonia  is  converted  with  more  or 
less  rapidity  into  nitric  acid  ( i . e.,  the  form  of  nitrogen  in  salt- 
petre), and  then  has  all  its  properties. 

Failures  in  manuring  with  nitrogen  salts  sometimes  occur.  We 
will  seek  a brief  explanation  of  these  failures,  and  means  for 
their  prevention.  In  the  first  place,  the  nitrogen  is  often  not  suf- 
ficiently absorbed  by  the  plant.  This  can  be  the  case  when  salt- 
petre is  not  applied  at  the  right  time.  Winter  grain  may  be 
manured  in  the  autumn,  in  many  cases  successfully,  but  in  many 
others  not.  It  must  be  remembered  that  young  plants  require 
relatively  little  nitrogen  for  a sufficient  development  before  the 
winter  rest  begins.  A well-cultivated  soil  furnishes  quite  enough 
for  this.  In  the  experiments  of  Heine  of  Emersleben,  the  highest 
yields  were  furnished  by  those  wheat  fields  which  received  no 
nitrogen  manuring  in  autumn,  and  all  their  saltpetre  in  May.  It 
is  certainly  incorrect  to  furnish  the  plant  its  entire  supply  of 
nitrogen  in  the  fall.  Only  sufficient  should  then  be  given  for 
absorption  and  assimilation  before  the  commencement  of  the 
winter  rest.  A surplus  is  unnecessary,  and  it  may  become  entirely 
lost  during  the  winter  months,  by  filtration  through  the  subsoil. 

Ammonia,  also,  as  my  experiments  have  shown,  is  in  danger  of 
draining  into  the  lower  layers  of  the  field.  Although  at  first  it 
may  be  combined  with  the  finer  soil  particles,  it  is,  nevertheless, 
converted  into  nitric  acid,  and  this  follows  the  course  of  the  rain 
water,  which,  during  the  winter  months,  is  forced  through  the 
ground.  Only  on  very  deep  and  retentive  soils  should  a large 
application  of  nitrogen  salts  be  risked  in  the  fall.  This  danger 
of  loss  of  nitrogen  by  percolation  attends  not  only  autumn 
applications  but  those  made  at  any  time.  Saltpetre  nitrogen  in 
the  soil  is  in  condition  of  perfect  freedom.  It  follows,  conse- 
quently, the  course  of  the  percolating  waters.  Therefore,  the 
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danger  of  loss  of  nitrogen  by  drainage  increases  with  (a)  the 
length  of  time  between  the  application  of  the  manure  and 
the  absorption  of  the  nitrogen  by  the  crop  ; ( b ) the  quantity  of 
manure  applied  ; (c)  the  percolation  in  the  soil ; (d)  the  rainfall 
immediately  after  application. 

If  now  the  saltpetre  is  applied  by  sowing  in  the  field  after  the 
plants  have  appeared,  so  that  they  quickly  absorb  it,  the  danger 
of  percolation  is  only  slight,  or  none  at  all.  Fear  is  often  enter- 
tained, that,  if  saltpetre  is  applied  in  this  manner,  the  nitrogen 
will  be  supplied  to  the  plants  too  late.  On  this  account  it  is 
recommended  to  do  away  with  such  an  application  entirely,  for 
crops  which  must  be  ripened  as  early  as  possible,  — as,  for  exam- 
ple, sugar  beets  and  potatoes  ; and  to  make  use  of  it  only  as  an 
after-manuring  on  the  straw  crops. 

This  rule  is  probably  applicable  in  many  cases  ; but  the  deeper 
we  investigate  the  domain  covered  by  the  question  in  hand,  the 
nearer  we  come  to  the  conclusion  that  any  rule  must  often  be 
modified  to  suit  a particular  case.  It  is  frequently  desired  to  supply 
a crop  with  nitrogen  at  the  earliest  possible  moment,  and  with  the 
least  possible  waste.  This  cannot  always  be  accomplished  by 
manuring  with  saltpetre  at  the  time  of  seeding.  It  cannot  be 
done,  for  example,  with  spring  grains,  sugar  beets,  potatoes,  car- 
rots, turnips,  flax,  etc. 

After  the  seed  is  sown,  about  eight  days  elapse  with  turnips  and 
flax,  ten  to  twelve  with  straw  crops,  two  to  three  weeks  with  car- 
rots and  beets,  and  three  to  four  weeks  with  potatoes,  before  the 
plants  show  themselves  ; and  from  that  time  again,  four  to  eight 
days  pass  before  the  young  plants  are  capable  of  assimilating 
saltpetre  nitrogen.  If  now,  during  these  periods,  there  is  a great 
fall  of  rain,  and  the  water-retaining  power  of  the  soil  is  slight, 
the  saltpetre  is  washed  into  the  lower  soil  strata,  and  in  conse- 
quence is  removed  from  the  plant  roots.  Sometimes  it  only 
becomes  effective  two  weeks  later  than  the  ammonia  salt,  which  is, 
as  it  were,  held  fast  in  the  soil.  This  I have  very  often  observed, 
and  that,  moreover,  a part  may  entirely  escape  absorption  by  the 
plant  roots.  This  danger  is  very  considerable  in  cases  of  slowly  ger- 
minating seeds.  Saltpetre  applied,  in  my  experiments  with  carrots, 
the.  day  before  the  sowing,  effected  very  little  ; but  a marked  effect 
was  produced  when  it  was  sown  on  the  plot  after  the  first  carrot 
plants  appeared.  When  a heavy  saltpetre  manuring  is  given,  the 
entire  quantity  can  be  absorbed  only  gradually  ; but,  until  it  is  all 
absorbed,  the  residue  in  the  soil  is  exposed  to  loss  through  drain- 
age. • In  view  of  these  conditions,  it  is  doubtful  if  the  application 
of  Chili  saltpetre,  especially  the  entire  quantity  necessary  for  the 
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crop,  immediately  before  the  sowing  of  spring  crops,  is,  under  all 
circumstances,  the  most  rational. 

Between  the  two  extremes  of  applying  all  of  the  nitrogen  before 
seeding,  and  all  after  the  plants  appear,  there  is  indeed  a series 
of  intermediate  procedures.  The  saltpetre  can  be  sprinkled  over 
the  soil  immediately  after  seeding,  or  one  or  two  weeks  later ; 
or  a part  can  be  sown  with  the  seed,  and  the  other  part  sooner  or 
later  afterwards.  The*  latter  way  is  advisable  especially  when 
large  amounts  of  nitrogen,  not  so  quickly  assimilable  by  the  plants, 
are  to  be  given.  The  opinion  is  often  heard,  that  nitrogen  pro- 
motes leaf  formation,  that  it  increases  the  amount  of  straw  and 
tends  to  cause  the  plants  to  lodge,  while  phosphoric  acid  acts  in  an 
opposite  direction.  This,  as  is  shown  in  my  paper  above  cited,  can- 
not be  quite  correct.  A specific  effect  of  nitrogen  in  an  abnormal 
leaf  development,  exists  just  as  little  as  does  one  of  phosphoric 
acid  in  an  abnormal  development  of  the  grain. 

If  after  saltpetre  manuring  the  straw  yield  is  increased  out  of 
proportion  to  the  grain,  the  explanation  is  simply  that  the  salt- 
petre hastened  the  first  development  of  the  plant,  established 
healthy  and  strong  stalks,  but  was  not  present  in  sufficient  quantity 
to  support,  in  like  manner,  the  later  development  of  the  seed 
heads.  During  the  first  stages  the  plant  was  supplied  with  the 
richest  food,  but  afterwards  the  need  for  nitrogen  was  not  met ; 
and,  in  consequence,  much  straw  and  little  grain  was  yielded.  It 
must  be  remembered  that  saltpetre  is  very  rapidly  taken  up  by 
plants,  very  rapidly  assimilated,  and  occasions,  not  a gradual, 
steady  development,  but  a tendency  to  quick  and  luxuriant  growth. 
If  a normal  development  of  straw  is  to  be  had,  a one-sided  devel- 
opment avoided,  the  nitrogen  feeding  of  plants  must  be  so  regu- 
lated as  to  correspond,  as  nearly  as  possible,  to  the  conditions  in 
an  old,  humus-rich,  strong  soil.  It  should  be  remembered  that 
the  important  period  of  nourishment  comes  at  the  stage  of  devel- 
opment just  after  the  setting  of  the  stalks. 

The  greatest  possible  yield  of  grain  with  the  least  possible  num- 
ber of  stalks  is  the  aim  in  an  economical  nitrogen  feeding  of 
straw  crops.  The  stem  setting  of  the  grain  crops  is  confined  to 
a definite  period  in  their  process  of  development.  When  this  is 
ended,  there  is  no  longer  an  increase  in  the  number  of  stems..  A 
nitrogen  manure,  now  assimilated,  only  develops  and  strengthens 
the  stems,  and  feeds  the  entire  plant ; while  if  supplied  during  or 
before  the  stem  setting,  it  increases  the  number  of  stalks.  From 
this  we  can  draw  the  following  rule  : Soluble  nitrogen  should  be 

given  to  the  straw  crops,  before  the  close  of  the  stem-setting  * 
period,  only  in  the  quantity  necessary  to  produce  the  requisite 
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number  of  stems.  After  this  period,  so  much  is  to  be  given  as  is 
necessary  for  the  most  healthy  development  possible  of  stem  and 
grain. 

I know  well  that  the  rule  is  more  easily  made  than  followed,  and 
that  the  weather  can  readily  neutralize  the  farmer’s  most  intelli- 
gent efforts.  But  we  must  be  clear  in  theory.  How  far  it  may 
be  practicable  to  answer  the  theoretical  conditions,  is  quite  another 
question.  Let  us  apply  the  rule  in  a few  examples.  If  a soil  is 
in  good  cultivation,  rich  in  nitrogen  from  residues  of  pease  or 
clover,  then  it  will  not  generally  be  advisable  to  assist  the  stem 
setting  of  the  plants  either  by  an  addition  of  saltpetre  or  ammonia 
salts,  or,  if  at  all,  by  a very  slight  one.  The  soil  will  furnish 
enough  nitrogen  for  an  adequate  stem  formation,  and  an  appli- 
cation should  only  be  made  after  the  completion  of  the  stem 
setting.  Then  a much  heavier  quantity  can  be  given,  and  with- 
out the  danger  of  lodging,  which  would  have  attended  an  earlier 
application . 

Heine  of  Emersleben  * had  the  following  experience  in  manuring 
winter  wheat.  With  much  hesitation  he  determined  to  apply,  to 
his  winter  wheat,  no  nitrogen  in  the  fall  and  none  before  the  first 
of  May.  But  the  success  of  this  procedure  was  greater  than  that 
of  those  in  which  applications  were  made  in  autumn,  February, 
March,  or  even  April.  In  this  connection  Heine  says  : u The 

question,  At  what  time  shall  saltpetre,  be  sown?  is  answered  by 
my  results  in  a manner  which  completely  overturns  the  opinions 
hitherto  held.  The  opinion  that  Chili  saltpetre  must  be  sown  over 
the  winter  wheat  as  soon  as  possible  in  spring,  is  by  no  means 
confirmed.  On  the  contrary,  the  Chili  saltpetre  applied  at  the 
beginning  of  May,  even  when  the  plants  were  very  far  developed, 
increased  the  yield  of  grain.” 

As  a matter  of  course,  this  does  not  imply  that  an  application 
in  May  is,  everywhere  and  in  all  cases,  the  best  for  winter  wheat. 
Such  a pedantic  prescription  would  by  no  means  answer  the 
principles  laid  down.  Another  example,  in  which  it  would  be 
necessary  to  proceed  in  an  entirely  different  manner,  is  the  follow- 
ing. Assume  that  we  have  a soil  much  exhausted  of  nitrogen, 
and  have  calculated  that  a manuring  of  1,000  pounds  Chili  salt- 
petre is  necessary  to  obtain  a maximum  yield  of  wheat.  If,  now, 
we  should  apply  the  thousand  pounds  saltpetre  in  May,  the  result 
would  be  a miserable  failure.  The  plants  would,  up  to  this 
period,  suffer  starvation,  and  the  stem  setting  would  be  very 
small.  On  the  other  hand,  if  the  entire  quantity  were  sown  in 
autumn  or  early  spring,  the  result  would  be  equally  poor.  The 

* Deutsche  Landwirtschaftliche  Presse.  1886.  No.  33. 
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larger  part  of  the  easily  soluble  nitrogen  would  accomplish  the 
stem  setting  in  such  a manner  as  to  induce  early  lodging.  A 
proper  division  of  the  nitrogen  manure  — an  application  of  200 
pounds  in  the  fall,  400  pounds  in  March  and  400  pounds  in 
May  — would  be  the  correct  procedure. 

Not  unfrequently  such  a case  as  the  following  appears.  The 
soil  being  poor  in  nitrogen,  by  an  application  of  saltpetre  the 
maximum  yield  is  attempted,  but  not  secured.  The  large  quan- 
tity of  saltpetre  has  caused  the  crop  to  lodge.  But  lodging  is 
only  produced  by  the  growth  of  too  great  a number  of  stems, 
forced  on  by  too  early  nourishment  of  the  plant.  If  the  heavy 
manuring  comes  after  the  stem  setting,  then  the  stems  will  not 
stand  so  close  ; they  will  have  plenty  of  light,  they  will  develop 
more  healthily,  stand  upright  and  furnish  full  heads.  A necessary 
condition  here  is,  a soil  well  enriched  with  phosphoric  acid,  and  of 
course  sufficient  potash.  The  later  the  nitrogen  is  given,  just  so 
much  more  quickly  must  it  be  assimilated  ; and,  in  order  to  do  its 
work,  the  plant  must  be  able  to  take  up  large  quantities  of  phos- 
phoric acid  in  a very  short  space  of  time. 

A further  study  of  many  questions,  very  important  in  the 
application  of  nitrogen  manures,  would  lead  us  away  from  our 
present  purpose.  I must  refer  to  my  often-quoted  paper,  and 
also  to  future  publications  in  which  I hope  to  give  many  practical 
results  of  my  investigations.  I emphasize  once  more,  that  the 
greatest  importance  must  be  placed  on  the  rational  nitrogen 
manuring  of  plants.  This  is  the  central  point  in  the  entire  doc- 
trine of  manuring. 

Nitrogen  holds,  in  plant  life  and  in  the  economy  of  field  culture, 
an  entirely  different  position  from  potash,  phosphoric  acid,  lime,  or 
any  other  plant  food.  Nitrogen  is  indeed  an  organic  constituent 
of  plant  substance,  while  phosphoric  acid,  potash,  lime,  etc.,  are 
only  agents  in  the  formative  processes  of  organic  substance,  and 
only  in  this  capacity  necessary.  Nitrogen,  in  the  burning  plant 
material,  flies  away ; while  phosphoric  acid,  potash,  lime,  mag- 
nesia, etc.,  remain  behind  as  ash  constituents.  But  the  nitrogen 
also  comes  and  goes  by  slower  processes.  It  wanders  from  the 
air  into  the  soil,  and  from  the  soil  into  the  air.  Again,  it  passes 
from  the  atmosphere  into  the  plant,  and  from  the  plant,  when  it 
decays,  into  the  atmosphere.  It  is  continually  passing  from  the 
free  condition  into  the  chemically  combined,  and  as  constantly 
again  becoming  free. 

The  three  most  important  and  difficult  tasks  in  manuring  are  : 
to  catch  the  nitrogen,  to  hold  it,  and  then  to  obtain  from  it  the 
greatest  possible  service.  It  is,  in  the  mean  time,  the  important 
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and  urgent  task  of  scientific  investigation  to  further  and  further 
discover  the  laws  which  govern  the  movements  and  changes  of 
nitrogen  ; for  a knowledge  of  such  laws  will  enable  the  farmer, 
in  large  measure,  to  control  these  phenomena,  and  with  the  least 
possible  expense  to  acquire  the  greatest  net  profit. 
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ANNUAL  REPORT  OF  THE  TRUSTEES 


OP  THE 

MASSACHUSETTS  AGRICULTURAL  COLLEGE. 


To  the  Honorable  Senate  and  House  of  Representatives. 

The  year  just  brought  to  a close,  though  marked  by  few  radical 
changes,  is  on  the  whole  one  in  which  the  growth  has  been  steady 
and  healthful.  The  maximum  number  of  applications  permissible 
under  the  free  scholarship  act  of  1883  was  reached,  and  of  the 
eighty  candidates  presenting  themselves  for  examination  sixty-two 
were  admitted.  The  different  sections  of  the  State  were  better 
represented  than  ever  before,  though  there  are  still  a few  in  which 
the  college  does  not  seem  to  be  known.  Analyzing  the  attend- 
ance of  the  year  we  find  that  ninety-three  per  cent,  were  residents 
of  the  State,  while  of  the  remaining  seven  per  cent,  one-third 
were  foreigners  attracted  hither  by  the  advantages  of  the  course. 
A comparison  by  counties  shows  the  following  distribution : 
Bristol,  1;  Berkshire,  8;  Essex,  9;  Franklin,  16;  Hampden,  7; 
Hampshire,  42 ; Middlesex,  20 ; Norfolk,  9 ; Plymouth,  7 ; 
Suffolk,  6 ; Worcester,  26.  The  three  counties  unrepresented, 
Barnstable,  Dukes  and  Nantucket,  all  border  on  our  sea-coast, 
and  the  pursuits  of  their  inhabitants  are  other  than  agricultural. 
That  the  college  has  steadily  grown  in  the  favor  of  the  people, 
the  following  table  of  attendance  during  the  past  few  years 


proof  : — 

1884,  . 

. Ill 

1888,  . 

. 149 

1885,  . 

. 121 

1889,  . 

. 146 

1886,  . 

. 131 

1890,  . 

. 173 

1887,  . 

. 132 

Nothing  is  more  needed  to  strengthen  and  build  up  the  college 
than  a fuller  knowledge  of  its  work  and  aims  by  every  citizen  of 
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the  State  ; and  it  is  not  too  much  to  say  that  the  attendance  has 
increased  in  a direct  ratio  to  the  efforts  which  have  been  put 
forth  to  make  it  better  known.  Its  good  work  is  already  widely 
recognized,  and  its  graduates  are  sought  for  positions  of  trust  in 
other  colleges.  About  one-sixth  are  now  engaged  in  advancing 
the  cause  of  agriculture  in  this  and  similar  institutions  in  other 
States,  or  in  the  various  experiment  stations  of  the  country.  Of 
the  remaining  five-sixths  a little  more  than  one-half  are  engaged 
directly  or  indirectly  in  agricultural  pursuits  as  farmers,  horticult- 
urists, stock-raisers,  veterinarians  and  the  like. 

It  is  now  two  years  since  the  act  passed  by  the  Legislature  of 
1888  creating  a labor  fund  went  into  effect,  and  we  can  speak  with 
some  degree  of  confidence  of  the  good  resulting  from  it.  The 
increased  attendance  at  the  college  is  largely  due  to  its  provisions. 
During  the  past  year  eighty-nine  students  have  enjoyed  its 
benefits,  and  sums  have  been  earned  ranging  from  forty-four 
cents  to  one  hundred  and  fifty-one  dollars.  Of  th'e  present  fresh- 
man class  more  than  one-half  are  dependent  in  a greater  or  less 
degree  upon  their  own  exertions,  and  could  not  have  entered 
college  but  for  this  opportunity  of  paying  a part  of  their  expenses 
by  their  labor. 

Department  of  Education. 

The  accessions  to  our  permanent  corps  of  instructors  have  added 
materially  to  the  strength  and  -usefulness  of  the  college  and  filled 
a long-felt  want.  Two  working  biological  laboratories,  well  sup- 
plied with  microscopes  and  the  necessary  appliances,  have  been 
opened  during  the  year,  under  the  charge  respectively  of  Profes- 
sors Fernald  and  Maynard,  and  have  greatly  increased  the  scope 
and  efficiency  of  the  chairs  of  zoology  and  botany.  In  the  one 
has  been  studied  the  structure  of  animal  tissue  and  the  lower 
forms  of  life  ; in  the  other,  vegetable  tissue  and  plant>disease.  In 
no  other  way  can  the  student  acquire  so  accurate  and  comprehen- 
sive a knowledge  of  the  morphology  and  pathology  of  animal  and 
vegetable  life  as  by  thus  investigating  for  himself,  under  the 
direction  of  a practical  instructor.  When  the  departments  of 
agriculture  and  veterinary  science  have  their  laboratories,  where 
the  student  can  practically  carry  out  the  teachings  of  the  lecture 
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room,  the  college  will  then  be  tolerably  well  equipped  to  offer 
adequate  instruction  in  these  different  departments.  The  veter- 
inary chair  has  been  acceptably  filled  by  the  appointment  of  Dr. 
James  B.  Paige,  a graduate  of  the  college  in  1882.  The  course  as 
now  laid  down  covers  the  entire  senior  year,  and  embraces  a con- 
sideration of  the  following  topics : the  hygiene  and  care  of 

stock,  the  anatomy  and  physiology  of  the  domestic  animals,  their 
more  common  diseases,  and  the  different  forms  of  lameness.  The 
aim  has  been  to  make  this  course  as  thoroughly  practical  as 
possible,  and  to  give  instruction  on  such  points  as  daily  fall  within 
the  experience  of  every  farmer.  By  reference  to  the  report  of 
Dr.  Paige,  inserted  later  on,  a more  detailed  account  of  the  ground 
covered  can  be  obtained.  Large  additions  to  the  equipment  of 
this  department  have  been  ordered,  including  a clastic  model  of 
the  Arab  horse,  the  uterus  of  the  mare,  the  jaws  and  foot  of  the 
horse,  and  a series  illustrative  of  comparative  anatomy.  This 
series  is  especially  valuable,  for  it  has  been  made  to  show  the 
operations  of  the  functions  of  life  throughout  the  entire  animal 
series  from  man  to  zodphite,  and  makes  readily  appreciable  the 
differences  presented  in  the  structure  and  use  of  the  various 
organs  of  digestion,  respiration,  circulation,  etc. 

The  object  and  aims  of  the  English  department,  recently  organ- 
ized, are  so  admirably  set  forth  by  the  professor  in  charge,  George 
F.  Mills,  that  I take  pleasure  in  presenting  his  entire  report  for 
your  consideration. 

President  H.  H.  Goodell. 

Sir  : — In  the  preparation,  at  your  request,  of  a statement  of 
exercises  proposed  for  the  English  department  in  the  Agricultural 
College,  regard  has  been  paid  to  the  distinction  that  should  be 
made  between  literature  and  language.  While  the  importance  of 
the  study  of  English  literature  in  a liberal  course  of  training 
cannot  be  overlooked,  and  while,  in  any  comprehensive  study  of 
English,  its  literature  must  have  a prominent  place,  it  is  to  the 
study  of  the  language  that  our  attention  is  to  be  chiefly  given. 
For  it  is  by  language,  spoken  or  written,  that  thought  is  expressed, 
and  thus  the  results  of  experience  and  study  and  research  are 
communicated  to  others. 

That  the  ability  to  use  correct,  forcible  English  will  be  of  great 
practical  value  to  every  graduate  of  the  college  will  hardly  be 
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denied.  How  often  do  we  hear  from  the  lips  of  those  now  in 
places  of  responsibility  the  unavailing  lament,  “If  I only  had  the 
ability  to  express  myself  ! ” More  and  more,  too,  the  foremost 
positions  in  influence  and  honor  are  being  given  to  those  who, 
while  having  their  powers  of  observation  well  trained  and  their 
minds  well  disciplined,  have  also  the  ability  to  express  their 
thoughts  so  clearly  and  forcibly  that  they  command  the  confidence 
and  respect  of  all  whom  they  reach.  The  practical  man  needs 
this  ability  in  the  common  intercourse  of  every-day  life.  The 
scientific  man  needs  it  that  he  may  give  to  the  world  the  results 
of  his  investigations.  The  purely  professional  man  needs  it  that 
he  may  the  more  easily  reach  the  ear  and  mind  and  heart  of  those 
to  whom  he  appeals.  Whether,  then,  the  graduate  of  the  Agri- 
cultural College  be  teacher,  editor  or  lawyer,  chemist,  director  of 
experiment  station  or  civil  engineer,  manager  of  a political  cam- 
paign in  the  farmer’s  interests,  holder  of  a seat  in  the  councils  of 
the  nation  or  the  centre  of  influence  in  the  less  conspicuous  but 
hardly  less  responsible  councils  of  an  agricultural  community, 
the  ability  to  use  correct,  effective  English  will  be  to  him  an 
increasing  source  of  influence  and  power. 

How,  now,  is  this  ability  to  be  secured?  We  answer,  in  the 
same  way  in  which  the  ability  to  do  other  things  is  secured,  viz., 
by  patient,  persistent  work.  The  simple  desire,  unaccompanied 
by  effort,  to  secure  it  will  not  secure  it.  Reading  excellent  trea- 
tises on  the  subject,  or  listening  to  the  enthusiastic  exhortations 
of  the  professor  of  English,  will  not  secure  it.  The  student  must 
apply  himself  to  the  task  diligently,  faithfully,  intelligently.  If 
he  wish  to  have  power  as  a speaker,  he  must  practise  speaking ; 
if  he  wish  power  as  a writer,  he  must  practise  writing. 

The  object,  then,  being  to  secure  power  of  expression  by  voice 
and  pen,  the  following  exercises  are  proposed  : — 

(a)  Declamation,  with  suggestions  as  to  voice  culture,  gesticu- 

lation and  general  style  of  delivery. 

( b ) Extemporaneous  speaking  on  topics  of  the  time  in  presence 

of  the  class. 

(c)  Debate,  also  before  the  class,  on  questions  suggested  by 

current  events. 

(d)  Written  exercises,  in  which  particular  attention  is  given 

to  spelling,  capitalization  and  grammatical  constructions. 

(e)  The  study  of  the  history  of  the  English  language,  and  of 

the  derivation  of  words. 

(/)  Essays. 

( g ) Orations. 

(7i)  The  critical  study  in  the  class  of  master-pieces  of  standard 

authors. 
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As  a help  to  the  cultivation  of  the  power  of  expression  by 
voice  and  pen,  the  principles  of  rhetoric  are  to  be  studied  in 
connection  with  exercises  in  rhetorical  analysis. 

That  these  exercises  may  be  of  practical  value  to  our  students, 
it  is  evident  that  time  must  be  given  to  their  preparation.  While 
the  French  and  the  German  student  is  expected  to  devote  at  least 
one  hour  each  day  to  the  study  of  his  own  language,  the  student 
of  English  has  been  too  often  limited  to  the  meagre  equipment 
given  by  a few  months’  study  of  English  grammar  and  by  occa- 
sional exercises  in  English  composition.  I respectfully  suggest, 
therefore,  that  in  the  course  of  study  at  the  Massachusetts  Agri- 
cultural College  more  time,  in  the  class-room  and  out  of  it,  be 
allowed  our  students  for  the  study  of  English. 

Very  respectfully, 

George  F.  Mills. 

It  is  perhaps  a little  premature  to  clearly  define  the  use  that  will 
be  made  of  the  national  grant  under  the  provisions  of  the  new 
Morrill  Act,  but,  in  general,  it  may  be  stated  that  the  purpose  is  to 
develop  along  the  lines  already  established,  strengthening  and 
enlarging  the  facilities  for  instruction,  and  so  increasing  the  corps 
of  teachers  that  special  attention  can  be  paid  to  advanced  work, 
leading  on  to  a post-graduate  course  and  degree  of  Master  of 
Science.  This  would  necessitate  the  dividing  the  chairs  of 
chemistry,  English,  botany,  mathematics  and  physics,  and  agri- 
culture, and  the  appointing  of  five  additional  professors  to  fill 
the  new  chairs . thus  created.  To  carry  out  this  plan  still  more 
completely  it  is  recommended  that  the  studies  of  senior  year  and 
perhaps  of  a part  of  junior  year  be  to  a large  extent  elective.  It 
would  be  advisable  also  to  establish  short  courses  in  agriculture, 
horticulture  and  the  related  branches,  for  those  unable  to  spend 
four  years  at  the  college.  The  repeated  inquiries  for  such  courses 
and  the  success  attending  their  introduction  in  other  States  would 
seem  to  indicate  that  there  is  an  actual  demand  for  them.  If  now, 
following  the  example  of  European  governments,  the  State  would 
establish  two  or  three  fellowships,  to  which  the  post-graduate 
courses  would  lead,  and  which  would  permit  the  recipients  to 
travel  abroad  and  study  the  most  improved  methods,  it  would  not 
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only  furnish  an  immense  stimulus  in  the  right  direction,  but  would 
be  returned  to  the  State  tenfold  in  the  improved  character  of  its 
teaching. 

The  most  pressing  need  of  the  college  at  the  present  time,  in 
connection  with  its  educational  department,  is  a building  to  be  used 
as  an  economic  museum,  with  laboratories  and  recitation  rooms 
annexed,  which  shall  illustrate  the  departments  of  agriculture, 
veterinary  science,  entomology  and  geology.  Aside  from  its  great 
value  as  an  aid  to  instruction  in  the  class-room,  it  would  serve  as 
an  object  lesson  to  every  visitor  coming  to  the  college.  A carefully 
digested  report,  based  upon  a comparison  of  the  best  museums 
abroad  and  in  this  country,  has  been  prepared  by  Prof.  Charles 
H.  Fernald,  and  is  herewith  submitted. 


Agricultural  Museums. 

An  agricultural  museum,  properly  arranged  and  equipped,  is 
undoubtedly  one  of  the  most  important  educational  appliances 
connected  with  an  agricultural  college.  It  should  not  comprise  a 
heterogeneous  collection  of  curiosities,  without  order  or  scientific 
arrangement,  but  should  store,  preserve  and  exhibit  such  speci- 
mens, implements,  machines,  models,  preparations,  charts,  dia- 
grams, etc.,  as  are  used  in  the  class-rooms,  where  studies  related 
to  agriculture  are  taught. 

All  these  objects  should  be  exhibited  in  such  a manner  as  to 
give  a full  history  of  their  origin,  development  and  use. 

It  is  highly  important  to  have  all  the  collections  massed  together 
in  one  building,  and  so  connected  that  the  student  or  visitor 
cannot  separate  them,  but  that  they  shall  combine  to  form  a unit 
bearing  on  agriculture.  A museum  of  this  kind  will  tend  to 
educate  towards  agricultural  pursuits  rather  than  away  from  them, 
as  a museum  of  one  special  group  of  objects  might  do  ; and  it  will 
prove  more  economical  in  the  end,  since  the  cost  of  erecting  and 
maintaining  one  large  building  is  less  than  that  of  several  smaller 
ones  covering  the  same  ground ; and  it  will  prevent  the  necessity 
of  duplicating  very  many  costly  specimens  and  pieces  of  ap- 
paratus. 

Although  a museum  of  this  kind  will  require  a long  time  for  its 
development,  yet,  if  the  teachers  in  the  college  work  towards  this 
end,  a few  years  will  yield  more  gratifying  results  than  could 
possibly  be  obtained  by  dividing  their  energies  among  three  or 
four  smaller  museums. 
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The  agricultural  lecture  room  should  be  on  the  ground  floor, 
some  part  of  which  should  be  covered  with  cement  so  that,  when 
necessary,  animals  may  be  led  into  the  room  to  illustrate  the 
instruction.  There  should  also  be  suitable  tracks  on  which  to 
move  heavy  implements  into  the  room,  and  steam  power  to  run 
such  machinery  as  may  be  necessary  for  illustration,  either  in  the 
lecture  or  exhibition  rooms.  In  connection  with  this  department 
a conservatory  would  be  very  useful,  in  which  to  raise  certain 
plants  to  be  used  in  the  lectures. 

The  lecture  room  for  the  veterinary  department  should  also  be  on 
the  ground  floor,  so  that  animals  may  be  led  in  and  used  for 
illustration  before  the  classes. 

The  zoological  laboratory  may  be  on  any  floor  where  it  is  con- 
venient, but  must  be  on  the  north  side  of  the  building,  as  that 
affords  the  best  light  for  microscopic  and  other  work  necessary 
to  be  done.# 

It  is  extremely  important  that  the  working  laboratories  and 
lecture  rooms  should  be  adjacent  to  the  rooms  containing  the 
specimens  and  apparatus  illustrating  the  different  departments  of 
instruction  ; and  that  the  convenience  and  utility  of  the  lecture 
rooms  and  laboratories  be  considered  before  everything  else,  since 
the  instruction  to  be  given  at  the  college  should  take  precedence 
over  the  exhibition  rooms,  which,  with  their  contents,  are  only 
facilities  to  aid  in  the  instruction. 

It  is  important  that  the  exhibition  rooms  be  so  well  lighted  and 
arranged  that  every  specimen  may  be  seen  from  all  points,  and 
that  each  label  give  not  only  the  name,  but,  when  practicable,  a 
brief  history  of  the  object.  The  museum  in  Brussels  is  a model 
in  this  respect.  The  objects  that  should  be  viewed  on  all  sides, 
like  prehistoric  remains,  are  in  small  cases  with  glass  tops, 
bottoms  and  sides.  The  floor  on  one  side  is  lower  than  the  case, 
so  that  the  visitor  may  look  up  and  see  the  under  side  of  the 
object,  while  on  the  other  side  it  is  so  much  higher  that  he  can 
look  down  upon  the  specimen. 

Architects  sometimes  make  the  mistake  of  sacrificing  the  in- 
terior accommodations  to  the  external  appearance  of  the  building, 
as  was  the  case  with  the  Smithsonian  Institution  in  Washington. 
The  National  Museum,  however,  is  constructed  on  a totally 
different  plan,  affording  an  opportunity  to  display  the  specimens 
properly  in  a good  light. 

The  American  Museum  of  Natural  History  in  New  York  is  one 
of  the  best  lighted  buildings  for  exhibition  purposes.  The 
windows  are  large  and  on  both  sides  of  the  hall,  while  the  cases, 
which  extend  from  the  walls  between  them  towards  the  centre  of 
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the  room,  are  of  glass,  with  glass  shelves,  so  that  there  is  the 
least  possible  obstruction  to  the  light. 

The  British  Museum  is  a badly  arranged  and  poorly  lighted 
building,  but  the  new  Natural  History  Museum  at  South  Kensing- 
ton is  a marvel  of  perfection.  In  this  the  maximum  amount  of 
light  and  of  exhibition  space  seem  to  have  been  secured. 

The  old  Agricultural  Museum  in  Berlin  was  a very  poorly  con- 
structed building  for  exhibition  purposes.  It  was  insufficiently 
lighted,  and  many  of  the  specimens  were  on  high  shelves  where  it 
was  impossible  to  examine  them,  — a very  common  fault  in  many 
museums.  The  new  Agricultural  Museum  in  that  city  is  a decided 
improvement  over  the  old  one,  but  the  interior  arrangements  were 
sacrificed  in  many  cases  for  architectural  effect. 

The  Vienna  Museum  is  probably  the  most  elegant  and  expensive 
in  the  world.  The  arrangements  for  light  and  exhibition  space 
are  very  good  ; but  it  is  difficult  to  say  whether  the  visitor  would 
spend  more  time  in  the  study  of  the  specimens  on  exhibition  than 
in  admiring  the  architectural  beauties  of  the  building. 

Other  European  and  American  museums  offer  many  points 
worthy  of  imitation  and  many  others  to  be  carefully  avoided. 

An  agricultural  museum  for  the  Massachusetts  Agricultural 
College  should  contain  a complete  collection  of  ploughs,  from  the 
most  primitive  to  the  most  modern,  with  wall  maps  or  diagrams 
illustrating  the  quality  of  work  done  by  each,  which  is  of  as  much 
importance  as  the  exhibit  of  the  ploughs  themselves,  although  it  only 
supplements  the  exhibition.  These  illustrations  should  be  made 
in  colors  representing  nature  as  closely  as  possible.  A careful 
study  of  such  a collection  will  teach  one  what  the  plough  was,  what 
it  is  now,  and  the  possibilities  of  improvement  in  the  future. 

A similar  exhibit  should  be  made  of  each  and  every  agricultural 
implement  or  machine,  and  also  of  all  dairying  apparatus.  It 
will,  doubtless,  be  impossible  to  secure  all  the  implements,  but 
they  can  be  represented  by  models  or  diagrams. 

There  should  also  be  a series  of  the  different  kinds  of  tile  used 
in  underdraining,  together  with  all  the  implements  used  in  the 
work,  and  diagrams  illustrating  whatever  cannot  be  shown  by  the 
apparatus  ; in  fact,  the  entire  history  of  surface  and  under  drainage 
should  be  represented. 

A series  of  models  and  diagrams  of  farm  buildings  of  all  kinds, 
from  the  earliest  and  most  primitive  to  the  latest  and  most  con- 
venient, should  be  on  exhibition.  This  collection  should  be  as 
extensive  as  possible,  especially  of  modern  buildings. 

It  is  very  important  to  exhibit  in  the  collection  samples  of  all 
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the  different  grains,  as  well  as  seeds  of  the  various  species  of 
forage  plants,  both  native  and  introduced,  and  also  seeds  of  all 
the  weeds  that  are  more  or  less  injurious  to  farmers,  and  these 
should  be  accompanied  by  the  plants  themselves,  or  by  good 
colored  illustrations,  with  such  brief  facts  about  them  as  may  be 
given  on  the  labels.  A similar  collection  of  fruits,  tubers,  etc., 
represented  by  models  or  colored  illustrations,  should  be  on  exhibi- 
tion ; and,  in  fact,  every  product  of  the  farm,  orchard  and  garden 
should  be  represented  in  the  clearest  possible  manner,  with  its 
name  and  a brief  history. 

The  museum  should  contain  samples  of  all  the  commercial  and 
other  fertilizers  used  in  the  State,  together  with  the  analysis  of 
each ; and  also  a series  of  soils  and  geological  diagrams  so  ar- 
ranged as  to  exhibit  the  geology  of  the  farm. 

The  collection  should  contain  mounted  specimens  and  skeletons 
of  all  the  different  species  of  domestic  animals  ; and  the  different 
varieties  of  these  should  be  represented  by  illustrations  or  photo- 
graphs. Wild  mammals,  both  native  and  introduced,  and  wild 
birds  with  their  nests  and  eggs  should  be  on  exhibition,  with 
illustrations  of  the  work  done  by  each,  whether  beneficial  or 
injurious. 

The  fishes  of  Massachusetts  should  be  represented  by  as  com- 
plete a collection  as  possible  of  mounted  and  alcoholic  specimens, 
and  by  illustrations  of  the  methods  of  fish  culture. 

The  insects  of  all  orders  found  in  Massachusetts  should  be 
exhibited  in  every  stage  of  their  existence,  as  far  as  possible,  with 
specimens  of  the  benefits  or  injuries  of  each,  together  with  illus- 
trations of  methods  of  destroying  or  holding  in  check  those  that 
are  injurious.  The  various  kinds  of  hives  and  all  other  apparatus 
used  in  successful  bee  culture  should  be  fully  represented. 

The  various  diseases  to  which  our  domestic  animals  are  subject 
should  be  shown  by  a series  of  preparations  of  diseased  bones  and 
tissues,  or  by  illustrations. 

As  the  botanical  museum  has  already  been  established  at  this 
institution  it  may  not  be  deemed  wise  to  make  any  changes ; 
therefore  the  department  of  botany  and  horticulture  has  Jbeen 
omitted;  but  the  departments  of  agriculture,  zoology,  and  veter- 
inary science  should  combine  their  museums,  and  have  their  lecture 
rooms  and  laboratories  in  the  same  building. 

Respectfully  submitted, 


Charles  H.  Fernald. 
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The  Farm. 

The  work  of  permanent  improvement  has  gone  steadily  on  and 
the  farm  has  never  been  in  a finer  condition  than  at  the  present 
time.  Twenty-six  acres  have  been  underdrained  and  nine  cleared 
of  stumps  ; portable  corn-cribs  have  been  constructed  where  most 
needed,  and  several  hundred  lengths  of  movable  fence  for  the 
keeping  of  stock  within  bounds  have  been  built.  The  returns 
from  the  sale  of  stock  and  produce  have  been  about  fifteen 
hundred  dollars  greater  than  last  year.  The  acreage  of  the 
principal  crops  was  divided  as  follows : hay,  eighty ; corn, 

twenty-two ; rye,  five ; oats,  five ; potatoes,  four.  The  yields 
have  for  the  most  part  been  good.  An  interesting  comparison  in 
the  farm  report  gives  the  actual  cost  of  each  crop  and  the  net 
return.  To  the  college  herd  of  pure-bred  stock  have  been  added 
twenty  grades  for  the  purpose  of  saving  the  purchase  of  manure, 
of  consuming  the  roots,  hay,  etc.,  raised  on  the  farm,  and  of 
increasing  the  receipts  from  the  creamery.  A large  share  of  the 
work  has  been  performed  by  students  ; and  of  the  great  good 
arising  from  the  Labor  Fund,  which  has  alone  made  this  possible, 
the  professor  in  charge  speaks  in  no  doubtful  terms.  “The 
permanent  improvement  of  the  farm  and  the  practical  instruction 
of  the  students,  as  well  as  the  furnishing  of  needed  assistance  to 
deserving  men,  who  in  increased  usefulness  will  a hundred  times 
return  the  cost  of  their  education,  are  thus  among  the  fruits  of 
this  wise  appropriation  on  the  part  of  the  State.”  For  fuller 
details  see  the  farm  report  herewith  appended : — 


Farm  Report. 

The  management  of  the  farm  during  the  past  year  has  been 
along  the  general  lines  indicated  in  my  last  report.  The  work  of 
improvement  has  been  as  vigorously  prosecuted  as  our  means  and 
forces  would  permit ; and,  though  much  remains  to  be  done,  the 
changes  already  effected  have  been  such  as  to  very  materially 
increase  the  productive  capacity  of  the  farm.  The  good  results 
are  in  part  evident  in  the  increased  returns  of  the  present  as 
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compared  with  last  year.  The  chief  items  of  receipts  in  rotfnd 
numbers  are  : — 


Milk  and  cream, $1,291  00 

Breeding  bulls, 560  00 

Pigs, ...........  251  00 

Beef,  ..........  118  00 

Pork, 112  00 

Sheep,  lambs,  wool  and  mutton, 282  00 

Hay, 432  00 

Squashes, 130  00 

Potatoes, 375  00 


Total  from  stock  and  crops, $3,551  00 

Similar  sales  for  last  year  aggregated,  ....  $2,100  00 


It  is  confidently  anticipated  that  each  year  in  the  immediate 
future  will  witness  equal  or  greater  increase  in  receipts  from 
sales,  and  that,  too,  while  fully  maintaining  or  even  increasing  the 
usefulness  of  the  farm  as  an  educational  adjunct  to  the  college. 

The  crops  of  the  year  were  as  follows  : Hay,  80  acres  ; corn, 
22  acres  ; rye,  5 acres  ; oats,  5 acres  ; potatoes,  4 acres  ; man- 
golds, 2 acres ; squashes,  1 acre ; carrots,  \ acre ; Swedes,  £ 
acre  ; and  English  turnips,  acres.  The  yield  was  in  every 
instance  fairly  satisfactory,  and  in  some  cases  unusually  good. 

Hay.  — A considerable  portion  of  the  acreage  in  this  crop  is  new 
land,  imperfectly  drained  and  seeded,  but  our  total  crop  at  the 
first  mowing  was  175  tons,  secured  in  perfect  condition.  The  dry 
weather  of  July  caused  the  rowen  to  be  very  light  on  most  fields, 
and  only  25  tons  were  cut.  The  total  of  both  crops  was  thus  200 
tons,  or  an  average  of  two  and  one-half  tons  per  acre. 

Corn. — The  acreage  in  this  crop  may  be  divided  as  follows: 
Silage  corn,  9 acres  ; field  corn,  12  acres  ; pop-corn,  1 acre. 

Silage  Corn. — The  land  used  for  this  crop,  writh  the  exception 
of  about  two  acres  last  year  also  in  silage  corn  which  was  then 
drowned  out,  had  been  used  for  pasture  for  several  years.  Last 
fall  a large  portion  of  the  lot,  including  all  of  the  two  acres  above 
mentioned,  was  tile  drained.  It  was  all  ploughed  late  in  the  spring, 
manured  at  the  rate  of  twelve  cords  to  the  acre  of  cellar  manure, 
broad-casted  and  harrowed  in,  and  planted  in  drills  three  and  one- 
half  feet  apart  with  an  Eclipse  corn  planter.  The  variety  on  most 
of  the  field  was  the  common  eight-rowed  yellow  flint ; the  germi- 
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nation  was  imperfect,  and  the  field  hardly  averaged  one  stalk  to 
the  foot  of  row.  Growth  was  good,  the  plants  suckered  freely 
and  every  stalk  bore  one  or  more  large  ears  of  grain.  It  was 
allowed  to  stand  until  glazed,  when  it  was  cut,  immediately  carted 
and  filled  into  the  silo,  first  being  cut  into  lengths  of  about  one- 
half  inch.  The  silos  were  covered  and  weighted  as  last  year. 

Not  all  our  crop  was  required  to  fill  our  silos  ; when  both  were 
full  there  remained  one  and  one-half  acres  of  corn  standing. 
This  was  stooked  and,  later,  husked,  and  though  not  the  best  part 
of  the  field  it  yielded  120  bushels  of  shelled  corn  and  five  tons  of 
stover.  This  sufficiently  indicates  the  quality  of  our  crop.  A 
financial  statement  follows  : — 

Total  cost  of  production  (harvesting  and  cutting  into  silo, 

but  not  manure  included), $280  00 

Produce : 120  bushels  shelled  corn,  at  75  cents,  $90  00 

5 tons  stover,  at  $6,  . . . 30  00 

80  tons  silo,  at  $4,  . . . - . 320  00 

$440  00 

The  silage  is  valued  at  the  customary  rate,  viz.,  one-third  the 
price  of  good  hay ; but  our  crop  contained  so  much  grain  that  I 
am  confident  it  is  worth  more.  If  not,  then  the  crop  has  been 
ensiled  at  a great  loss  ; for,  crediting  the  field  with  a yield  of 
grain  and  stover  equal  to  the  acre  and  a half  husked  (certainly 
not  an  over-estimate  of  its  product) , and  adopting  the  same  basis 
of  valuation  as  above  for  grain  and  stover,  the  tot&l  crop  of  the 
field  if  husked  would  have  been  worth  $720  instead  of  $440  as 
above  ; or  at  the  rate  of  $80  per  acre  for  the  whole  field,  instead 
of  $42.67  per  acre,  as  above,  for  the  part  ensiled.  This  field  in 
silage  corn  was  seeded  to  grass  in  August,  and  the  seed  made  a 
fine  catch. 

The  silage  made  last  year  may  be  mentioned  in  this  connection. 
It  came  out  in  perfect  condition,  there  being  practically  no  waste, 
even  at  the  top.  It  was  fed  to  all  our  stock  with  the  exception  of 
horses,  and  was  readily  eaten  by  all  and  produced  very  satisfactory 
results.  To  milch  cows  we  fed  it  at  the  rate  of  twenty-five  to 
thirty  pounds  per  day  in  connection  with  hay  and  about  six  pounds 
of  a mixture  of  bran  and  cottbn  seed  meal  in  equal  parts  by 
weight.  We  are  now  feeding  a similar  ration,  the  only  difference 
being  the  substitution  of  corn  stover  for  about  one-third  of  the 
hay,  and  its  net  daily  cost  (obtained  by„deducting  80  per  cent,  of 
its  fertilizer  value  from  the  market  price)  is  about  nine  cents  per 
cow.  Nineteen  new  milch  cows  are  giving  us  an  average  return 
for  cream  of  40  cents  each  per  day.  In  the  light  of  our  experience, 
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I regard  the  silo  as  an  important  means  of  storing  fodder  and 
increasing  the  amount  of  stock  which  a farm  can  carry. 


Field  Corn.  — The  land  in  this  crop  comes  under  two  classes, 
viz.,  two  and  one-half  acres  of  good  corn  land  and  nine  and  one- 
half  acres  of  old  pasture  land,  imperfectly  drained  and  cleared 
and  in  process  of  improvement.  The  first  (two  and  one-half 
acres) , in  mangolds  last  year,  was  ploughed  in  late  fall,  and  received 
during  winter  a dressing  of  about  eight  cords  of  cellar  manure, 
spread  as  drawn.  This  was  ploughed  in  in  spring,  and  eight- 
rowed  yellow  flint  corn  was  planted  in  drills  as  described  for 
silage  corn.  The  yield  and  financial  standing  is  shown  below  : — 


225  bushels  shelled  corn,  at  75  cents, 
10  tons  stover,  at  $6, 

Cost  of  labor,  . . . . 

Manure,  20  cords,  at  $4,  . 


. $168  75 
60  00 

. $78  00 

80  00 


$228  75 


158  00 


Balance  in  favor  of  crop, $70  75 

As  the  land  was  manured  last  year  the  crop  of  this  year  is 
-charged  with  the  full  value  of  the  manure  used. 

The  nine  and  one-half  acres  of  partly  cleared  pasture  was  in 
corn  last  year.  It  was  ploughed  in  spring,  planted  with  Pride  of 
the  North  Dent  corn  in  drills  and  fertilized  in  the  drill  with  a 
mixture  of  dried  and  ground  fish  and  potash  in  the  proportion  of 
two  of  the  former  to  one  of  the  latter,  and  at  the  rate  of  two 
hundred  and  fifty  pounds  per  acre.  This  field  suffered  now  from 
flood,  now  from  drought,  as  the  soil  is  clayey,  and  fully  one  acre 
was  ruined  by  a neighbor’s  cows.  The  product  and  financial 
standing  are  as  follows  : — 


300  bushels  shelled  corn,  at  75  cents, 
12  tons  stover,  at  $5, 

Cost  of  labor, 

Fertilizer  used  (two-thirds  cost) , 


. $225  00 
60  00 

$285  00 

. $214  70 
26  56 

241  26 


Balance  in  favor  of  crop, 


$43  74 


This  field  was  seeded  to  grass  in  August  and  now  looks  well.  It 
is  much  improved  in  condition  as  compared  with  last  spring,  and 
a considerable  credit  is  due  on  this  ground. 
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Pop-corn.  — One  acre  in  this  crop,  ploughed  and  manured  at  the 
rate  of  eight  cords  cellar  manure,  harrowed  in  after  ploughing  this, 
spring,  gave  a good  yield,  as  below  : — 


125  bushels  ears,  at  $1.25, . 

2 tons  stover,  at  $5, 

Cost  of  labor,  .... 
8 cords  manure  (one-half  value), 


. $156  25 
10  00 


$43  00 
16  00 


$166  25 


59  00 


Balance  in  favor  of  crop, 


$107  25 


Pye\  — Five  acres,  following  oats,  both  crops  without  manure  or 
fertilizer,  sown  with  Missouri  grain  drill  at  the  rate  of  two- 
bushels  per  acre  the  last  of  September,  1889,  yielded  as  follows  : — 

90  bushels  grain,  at  75  cents,  . . . . $67  50 

10  tons  straw,  at  $12, 120  00 

$187  50 

Cost  of  labor  and  seed, 47  00 

Balance  in  favor  of  crop, $140  50 

Oats.  — Five  acres  (planted  last  year  for  the  first  time  after 
clearing,  one-half  in  corn  and  one-half  in  potatoes,  with  a light 
dressing  of  manure)  were  sown  April  19  with  the  Missouri  drill 
without  manure.  The  crop  suffered  severely  from  rust  in  the 
early  stages  of  its  growth  ; later  it  in  part  recovered,  but  the  yield 
was  small,  as  follows  : — 

125  bushels  grain  (light),  at  50  cents,  . . $62  50 

7 tons  straw,  at  $8, 56  00 

$118  50 

Cost  of  labor  and  seed, 61  70 

Balance  in  favor  of  crop, $56  80 


Potatoes.  — Four  acres,  two  on  good  medium  loam  and  two  on 
newly  cleared  stump  pasture,  rather  mucky  in  parts,  were  planted 
in  this  crop.  One  and  one-half  acres  of  the  best  land  received  an 
application  of  800  pounds  Stockbridge  potato  manure,  and  here 
the  crop  was  most  satisfactory.  Planted  April  26,  we  sold  August 
1,  100  barrels  of  fine  potatoes  from  this  part  of  the  field.  These 
netted  us  $225,  and  on  this  acre  and  a half  we  raised  200  bushels 
of  English  turnips  at  an  insignificant  outlay  for  labor.  The 
balance  of  this  field  (one-half  acre)  received  an  application  of  200 
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pounds  muriate  of  potash,  spread  broadcast  on  the  ploughed 
surface.  The  crop  was  later  than  on  the  Stockbridge  fertilizer, 
but  was  in  the  end  nearly  as  good.  The  standing  of  these  two 
acres  is  as  follows  : — 


350  bushels  merchantable  and  75  bushels  small 


potatoes  sold  for,  .... 

. $283  04 

200  bushels  English  turnips,  at  20  cents,  . 

40  00 

$323  04 

Labor, 

. $113  00 

Seed, 

14  00 

Stockbridge  fertilizer  (800  lbs.), 

15  00 

Muriate  of  potash  (200  lbs.),  . 

4 00 

146  00 

Balance  in  favor  of  crops,  . 

* 

$177  04 

From  the  other  two  acres  we  had  to  get  out  a large 

number  of 

stumps  before  it  could  be  ploughed  at  all,  and  then  the  work  was 
done  but  imperfectly.  A light  dressing  of  manure  was  harrowed 
in.  The  planting  was  a little  late,  but  the  growth  and  yield  were 
fair  though  there  was  considerable  rot.  We  harvested  175 
bushels  of  sound  tubers,  but  of  these  lost  about  35  bushels  by  rot. 
The  standing  of  this  field  was  as  follows  : — 


Potatoes  sold, 

Labor  (not  including  extraction  of  stumps),  . 

$62  50 

$91  13 

Manure  (one-half  amount  used) , 

20  00 

Seed, 

8 40 

90  90 

Balance  in  favor  of  crop,  . t . . 

. 

$0  23 

The  condition  of  this  field  has  been  greatly  improved.  Next 
year  it  should  produce  a full  crop. 

Mangolds. — Two  acres,  following  oats  sown  last  year  without 
manure,  were  planted.  The  land  was  ploughed  last  fall,  manured 
as  described  for  field  corn  during  winter,  and  ploughed  and 
harrowed  as  usual  in  early  spring.  The  seed  was  sown  May  10. 
The  field  proved  a little  cold  and  very  weedy  though  kept  clean 
last  year.  The  results  were  as  follows  : — 


25  tons  beets,  at  $4, $100  00 

Labor, $106  00 

Manure  (one-half  value,  16  cords),  . . . 32  00 

138  00 

Balance  against  the  crop, $38  00 


To  offset  this  apparent  loss,  the  improvement  in  the  condition 
of  the  field  is  doubtless  an  important  and  sufficient  item. 
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Squashes.  — One  acre  of  medium  loam,  last  year  in  potatoes 
and  corn,  was  planted  with  this  crop,  which  received  about  two 
shovelfuls  of  manure  in  each  hill.  The  crop  was  very  satis- 
factory ; the  results  as  shown  below  : — 

Sales  of  squashes,  8,700  lbs., $119  60 

Labor,  including  expenses  of  selling,  . . $32  00 

Manure, 6 00 

38  00 


Balance  in  favor  of  crop, $81  60 


Carrots.  — One-half  acre,  following  oats  as  described  under 
field  corn,  was  planted  to  this  crop.  The  land  was  manured  as  for 
field  corn  during  winter.  The  first  planting  came  up  poorly  and 
the  young  plants  w'ere  largely  destroyed  by  a bronze  beetle  while 
very  small.  The  land  was  remanured  and  ploughed  and  a second 
planting  made  June  10. 


Crop,  225  bushels,  at  90  cents, $67  50 

Labor, $36  50 

Manure  (one-half  value), 14  00 

50  50 


Balance  in  favor  of  crop, $17  00 


Swedes. — One-half  acre,  following  oats  as  above,  manured  as 
for  corn  in  winter,  ploughed,  manured  and  ploughed  again,  was 
planted  June  12.  The  growth  of  the  tops  was  remarkable,  but 
by  a mistake  of  the  man  sowing  them  the  rows  stood  too  close, 
about  22  instead  of  30  inches  apart,  and  the  crop  was  much 
smaller  than  it  should  have  been. 


Turnips  harvested,  8 tons,  at  $4, $32  00 

Labor, $19  25 

Mauure  (one-half  value), 14  00 

33  25 


Balance  against  the  crop, $1  25 

The  improved  condition  of  the  land  will  much  more  than  offset 
this  apparent  loss. 

English  Turnips. — About  one  acre  of  newly  broken  up  and 
rough  pasture,  prepared  and  manured  lightly  with  barnyard  manure 
broadcasted  and  harrowed  in  for  sweet  fodder  corn,  the  seed  of 
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which  failed,  was  later  sown  to  turnips  and  yielded  about  200 
bushels.  A considerable  portion  of  this  crop  was  sold  at  thirty 
cents  per  bushel. 

Farm  Stock.  — No  purchases  of  pure-bred  stock  have  been  made 
this  year,  but  we  have  been  fortunate  enough  to  receive  presents 
of  a fine  Ayrshire  bull  calf  and  a pair  of  Tamworth  pigs,  which 
will  be  found  mentioned  among  the  gifts  to  the  college.  The  chief 
transactions  in  pure-bred  stock  have  been  the  sale  of  bulls,  small 
Yorkshire  pigs  and  a portion  of  the  increase  of  our  flock  of 
Southdowns,  with  the  usual  amount  of  culling  out  inferior  animals 
here  and  there.  Our  stock  has  maintained  a high  average  of 
health,  the  breeding  increase  has  been  in  the  main  satisfactory, 
and  the  average  quality  has,  I believe,  been  raised  in  all  directions 
by  the  process  of  weeding  above  alluded  to. 

In  particular  I would  call  attention  to  our  Southdown  sheep, 
which  are,  I believe,  among  the  very  best  of  their  breed.  The 
average  clip  of  wool  last  spring  for  twenty-eight  animals  was 
seven  pounds,  eight  and  one-half  ounces  each,  and  the  gross 
returns  for  the  past  year  for  breeding  stock,  mutton  and  wool  (our 
numbers  having  been  kept  good  and  the  quality  of  the  flock 
improved  by  weeding  out  the  poorer  ewes  and  keeping  in  their 
place  the  best  of  our  ewe  lambs)  have  amounted  to  $282,  — about 
$12  to  each  breeding  animal  kept. 

Our  Perclieron  stallion  is  becoming  yearly  more  appreciated. 
Wherever  shown  he  is  admired,  and  he  will  doubtless  soon  begin  to 
bring  in  a considerable  return  for  the  expense  of  keeping.  A pure- 
bred colt  from  him  of  our  breeding,  at  eighteen  months,  weighs 
1,000  pounds  ; another,  at  six  months,  500  pounds  ; and  a three- 
fourths  blood  colt,  at  seventeen  months,  the  same  as  the  first. 
The  stallion  has  been  kept  steadily  at  work  the  entire  season,  and 
is  truly  a remarkably  strong  animal.  In  many  places  he  easily 
does  the  work  of  a pair  of  average  horses.  He  readily  draws 
according  to  road,  loads  of  two  to  three  tons. 

Upon  my  recommendation  twenty  new  milch  cows  were  pur 
chased  in  October,  with  a view  to  the  consumption  upon  the  farm 
of  a larger  share  of  its  products  of  hay,  roots,  etc.,  and  the 
increase  of  the  receipts  through  the  sale  of  cream  to  the  local 
creamery.  The  animals  were  carefully  selected,  and  during  the 
month  of  November  averaged  about  ten  spaces  of  cream  per  cow 
daily,  worth  at  the  price  received  for  October  forty  cents  per 
animal.  Besides  this,  we  have  the  skimmed  milk  (about  thirty 
pounds  per  day),  worth,  for  feeding,  not  less  than  eight  cents, 
making  the  gross  daily  return  per  cow  forty-eight  cents.  The 
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gross  cost  of  feed  (already  described  under  silage)  has  varied 
from  eighteen  to  twenty-three  cents  ; the  net  cost  has  been  from 
about  nine  to  fourteen  cents  per  day,  — at  present  it  is  nine 
cents, — leaving  a net  return  to  pay  for  interest  on  investment, 
labor,  etc.,  of  about  thirty-nine  cents  per  day  for  each  cow.  Of 
course  it  is  not  expected  that  this  rate  of  product  will  continue 
throughout  the  year,  but  accurate  records  will  be  kept,  and  it  is 
confidently  anticipated  that  we  shall  be  able  to  make  a good 
showing  for  these  cows.  And  further,  and  more  important,  we 
shall  consume  a large  amount  of  material  which  could  not  easily 
be  marketed,  and  make  such  a quantity  of  manure  as  to  be  largely 
independent  of  purchased  materials  for  the  maintenauce  Or  increase 
of  the  fertility  of  our  soil. 

Our  stock  at  present  consists  of  the  following  animals  : — 

Horses.  — Percherons  : one  stallion,  one  mare  and  two  stallion 
colts  ; two  half-blood  Percheron  mares,  one  three-fourths  blood 
Percheron  mare  colt,  and  three  geldings. 

• 

Cattle.  — Ayrshires  : two  males,  seven  females.  Shorthorns: 
seven  females.  Guernseys  : one  male,  one  female.  Jerseys  : two 
males,  five  females.  Holstein-Friesians  : three  males,  nine  females. 
Grades  : twent}T-eight  cows  and  heifers. 

Southdown  Sheep. — One  ram,  twenty  breeding  ewes,  two  ram 
lambs,  six  ewe  lambs  and  three  wethers. 

Swine.  — Small  Yorkshire  : one  boar,  eight  breeding  sows,  four 
fat  hogs  and  twenty-nine  pigs.  Tamworth:  one  boar  and  one 
sow. 


Permanent  Improvements. 

The  work  of  the  year  in  this  direction  has  been  mainly  directed 
towards  the  bringing  up  of  the  level  land  which  lies  we6t  of  the 
college  buildings.  About  nine  acres  have  been  cleared  of  stumps, 
the  extraction  of  which  has  involved  a large  expense,  but  the  in- 
creased products  of  the  next  few  years  may  confidently  be  ex- 
pected to  return  this  outlay.  Fully  $200  has  been  spent  on  this 
work. 

Drainage  operations  have  this  year  been  vigorously  prosecuted. 
Tiles  sufficient  for  the  drainage  of  about  forty  acres  have  been 
purchased,  and  the  work  upon  about  half  of  this  area  has  been 
nearly  completed.  The  chief  field  of  operations  has  been  the  old 
pasture  land  which  lies  on  the  flat  west  of  the  Hatch  barn. 
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This  land,  though  badly  cut  up  by  soft  swales  running  through  it 
in  various  directions,  and  very  cold  and  wet  in  portions,  was  yet  of 
such  a character  as  to  be  susceptible  of  comparatively  easy  drain- 
age. The  swales  are  narrow  and  the  land  between  in  many  places 
was  naturally  quite  well  drained,  so  that,  by  the  putting  in  of  a 
relatively  small  number  of  drains,  the  whole  field  of  about  twenty- 
five  acres  could  be  fitted  for  cultivation.  This  work  has  been 
nearly  completed,  and,  as  last  year,  has  been  largely  executed  by 
students  working  under  the  provisions  of  the  Labor  Fund.  The 
permanent  improvement  of  the  farm  and  the  practical  instruction 
of  the  students,  as  well  as  the  furnishing  of  needed  assistance  to 
deserving  men  who,  in  increased  usefulness,  will  a hundred  times 
return  the  cost  of  their  education,  are  thus  among  the  fruits  of 
this  wise  appropriation  on  the  part  of  the  State. 

Besides  these  improvements,  we  have  made  a number  of  others 
of  subordinate  importance.  We  have  put  up  forty-eight  rods  of 
substantial  board  fence  and  built  four  hundred  twelve-foot  lengths 
of  portable  board  fence,  which  we  find  very  useful  in  controlling 
our  stock,  as  we  have  no  permanent  pasture  land.  We  have  built 
eighty  rods  of  farm  road,  and  graded  and  improved  the  grounds  in 
the  vicinity  of  the  farm  house.  We  have  expended  a considerable 
amount  in  the  effort  to  clear  our  mowings  of  dock,  daisies  and 
wild  carrot. 

We  have  put  up  substantial  and  durable  portable  corn  cribs, 
with  a capacity  of  one  thousand  four  hundred  baskets  of  corn  on 
the  ear,  and  have  converted  the  old  corn  barn,  in  which  grain  did 
not  cure  satisfactorily,  into  a granary,  thus  supplying  a long-felt 
need,  as  we  gain  the  capacity  to  store  about  two  thousand  bushels 
of  grain. 

In  conclusion,  I desire  to  express  my  hearty  appreciation  of  the 
value  of  the  services  of  the  farm  superintendent,  Mr.  F.  S.  Cooley, 
to  whose  efficiency  as  an  executive  and  business  manager  such 
measure  of  success  as  we  have  attained  has  been  largely  due  ; and 
permit  me  further  to  add,  that  the  cordial  support  which  I have 
invariably  received  from  superior  officers  of  administration  has 
been  to  me  a source  of  the  sincerest  gratification. 


Amherst,  Dec.  30,  1890. 


Wm.  P.  Brooks, 

Professor  of  Agriculture. 
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The  Experiment  Department. 

This  lias  been  conducted  along  the  same  general  lines  as  in 
previous  years,  new  work  being  taken  up  as  occasion  seemed  to 
demand.  Four  regular  bulletins  have  been  issued,  as  required  by 
law,  and  a special  one  in  May,  “ On  the  most  profitable  use  of 
commercial  fertilizers,”  being  a translation  of  a monograph  by 
Prof.  Paul  Wagner,  Director  of  the  Agricultural  Experiment 
Station  at  Darmstadt,  Germany.  The  increasing  demand  for  our 
publications  now  requires  an  edition  of  eleven  thousand,  and  the 
time  must  soon  come  when  it  will  be  found  impossible  to  supply 
requests  from  outside  of  the  State. 

The  work  of  the  different  departments  during  the  year  can  be 
briefly  summarized  as  follows  : — 

The  Agricultural. 

Report  has  been  made  on  several  varieties  of  Japanese  crops, 
viz.,  four  varieties  of  beans  and  three  of  millet.  Of  the  latter, 
two,  the  Setaria  Italica  {Jap.  Mochi  Awa)  and  the  Setaria  Italica 
(Jap.  Awa),  seem  especially  promising  for  seed  production  and 
fodder,  yielding  respectively  at  the  rate  of  twenty-eight  and  fifty- 
five  bushels  per  acre  and  two  and  one-half  and  two  tons  of  straw. 

A careful  tabulation  of  soil  tests  with  different  fertilizers  in  ten 
localities  of  the  State  was  made  in  Bulletin  No.  9,  and  the  grand 
average  increase  to  hard  corn  and  stover  per  acre,  taking  all 
experiments  into  account,  was  as  follows : — 

For  potash,  . . hard  corn,  6.51  bushels ; stover,  643.3  pounds, 

phosphoric  acid,  “ “ 3.56  “ “ 211  “ 

nitrogen,  . . “ “ 3.72  “ “ 287.6  “ 

The  same  soil  tests  have  been  repeated  this  year  on  a larger 
scale  with  corn  for  grain  and  for  the  silo,  and  with  potatoes.  An 
investigation  requiring  much  time,  respecting  the  “Conditions 
affecting  the  strength  of  the  calf’s  stomach  for  rennet,”  has  been 
concluded  and  report  made  in  the  January  Bulletin  for  1891.  At 
the  request  of  various  dairymen  a series  of  analyses  are  being 
made  of  samples  of  milk  from  each  of  forty  cows  in  various 
periods  of  lactation,  and  including  five  pure  breeds  and  a great 
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variety  of  grades,  with  a view  to  the  study  of  their  results  in  their 
bearing  upon  the  question  as  to  what  is  a proper  legal  standard  for 
milk  solids  in  this  State.  Experiments  are  likewise  in  progress  to 
determine  the  influence  of  different  elements  and  combinations  of 
elements  of  plant  food  on  the  proportion  of  the  different  species 
of  grass  and  other  plants  in  a mixed  sod. 

The  Entomological. 

So  great  a demand  arose  for  information  respecting  the  gypsy 
moth,  that,  though  a special  bulletin  on  the  subject,  in  an  edition 
numbering  23,000  copies,  had  been  issued  in  November,  1889,  it 
was  found  necessary  to  reprint  it  as  a part  of  Bulletin  No.  7,  and 
distribute  it  through  our  regular  channels  in  all  parts  of  the  State. 

Efforts  during  the  year  have  been  directed  as  follows : — 

1.  The  completion  of  the  life  history  of  the  bud  moth 
( Tmetocera  ocellaria) , and  the  best  methods  for  its  destruction. 
This  small  insect  has,  in  various  parts  of  the  State,  done  con- 
siderable damage  to  our  fruit  trees,  and  the  final  results  of  the 
investigation,  which  has  covered  a number  of  years,  will  be 
reported  in  Bulletin  No.  12. 

2.  The  insects  affecting  the  cranberry  vines  have  been  care- 
fully studied,  but  no  definite  conclusions  having  been  reached,  the 
various  experiments  made  with  different  insecticides  will  be 
continued  through  the  coming  season. 

3.  Particular  attention  has  been  paid  to  the  breeding  of 
injurious  insects,  sent  in  by  different  individuals  throughout  the 
State,  for  the  purpose  of  determining  their  life  histories,  and  thus 
learning  the  period  at  which  they  are  most  vulnerable. 

4.  A series  of  experiments  have  been  made  with  Paris  green  to 
ascertain  the  maximum  percentage  that  could  be  used  on  fruit 
trees  without  injury  to  the  foliage,  in  wet  as  well  as  in  dry 
weather ; also  the  minimum  percentage  that  will  successfully 
destroy  the  common  injurious  insects  at  different  stages  of  their 
growth.  These  experiments  have  led  to  such  unexpected  and 
unsatisfactory  results  that  final  report  will  be  withheld  until  they 
can  be  repeated  under  different  conditions.  Trees  under  shelter, 
under  varying  conditions  of  moisture,  will  be  sprayed  with 
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preparations  of  Paris  green  to  ascertain  the  effect  of  different 
proportions  upon  the  foliage. 

5.  A biological  collection  has  been  started,  consisting  of  a 
series  of  inflated  larvae,  to  aid  in  the  determination  of  such  insects 
as  may  be  sent  to  the  station,  and  to  serve  as  an  object  lesson  to 
every  farmer  and  fruit  grower  visiting  the  insectary.  Already 
the  work  has  considerably  progressed,  and  a number  of  insects 
are  represented  in  all  their  stages,  together  writh  their  injurious 
effects  upon  the  foliage  of  the  trees  on  which  they  feed. 

The  large  and  increasing  correspondence  of  this  department 
testifies  to  its  importance,  and  shows  the  keen  interest  felt  by 
those  to  whom  the  annual  damage  to  their  crops  has  become  a 
problem  worthy  of  their  most  serious  consideration. 

In  the  line  of  disseminating  useful  knowledge  among  the 
people,  an  article  was  published  in  Bulletin  No.  8 by  Dr.  Harold 
C.  Ernst  of  Boston  on  “How  far  may  a cow  be  tuberculous 
before  her  milk  becomes  dangerous  as  an  article  of  food.”  Out 
of  one  hundred  and  fourteen  samples  of  milk  taken  from  thirty-six 
different  cows,  all  of  them  presenting  more  or  less  distinct  signs 
of  tuberculosis  of  the  lungs  or  elsewhere,  but  none  having  marked 
signs  of  disease  of  the  udder  of  any  kind,  seventeen  were  found 
in  which  the  bacilli  of  tuberculosis  were  distinctly  present,  or  the 
actual  virus  was  seen  in  10 -f- per  cent,  of  the  samples  examined. 
As  these  seventeen  samples  of  infectious  milk  came  from  ten 
different  cows,  the  percentage  of  detected  infectiousness  rose  to 
27.7  per  cent.  The  milk  was  shown  to  be  infectious  by  inocula- 
tion experiments  in  seven  out  of  fourteen  of  the  cows  from  which 
the  milk  came,  — that  is  fifty  per  cent.  These  results  are  to  a 
certain  extent  preliminary,  but  they  show  — 

First.  That  the  milk  from  cows  affected  with  tuberculosis  in 
any  part  of  the  body  may  contain  the  virus  of  the  disease. 

Second.  That  the  virus  is  present  whether  there  is  disease  of 
the  udder  or  not. 

Third.  That  there  is  no  ground  for  the  assertion  that  there 
must  be  a lesion  of  the  udder  before  the  milk  can  contain  the 
infection  of  tuberculosis. 

Fourth.  That,  on  the  contrary,  the  bacilli  of  tuberculosis  are 
present  and  active  in  a very  large  proportion  of  cases  in  the  milk 
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of  cows  affected  with  tuberculosis,  but  with  no  discoverable  lesion 
of  the  udder. 


The  Horticultural. 

Investigations  respecting  the  most  economical  way  of  heating 
green-houses,  whether  by  steam  or  hot  water,  have  been  continued 
with  the  same  results  in  favor  of  hot-water  heating  as  in  previous 
experiments,  — a higher  temperature  being  secured  at  a less  con- 
sumption of  fuel.  Report  has  been  made  on  tests  of  thirty-eight 
varieties  of  lettuce,  twenty-four  varieties  of  potatoes,  ninety-seven 
varieties  of  strawberries,  nineteen  varieties  of  the  red  raspberry, 
fifteen  of  the  black  raspberry,  sixteen  varieties  of  blackberries 
and  forty-six  varieties  of  tomatoes.  Attention  is  called  in  the  last 
mentioned  to  the  fact  that  varieties  producing  most  double  flowers 
are  most  irregular  in  form  and  imperfect  in  fruit.  The  impor- 
tance of  this  to  growers  of  choice  fruit  is  apparent.  By  discarding 
plants  producing  double  blossoms,  fruit  in  greater  perfection  will 
be  secured.  Seed  growers,  too,  by  a more  judicious  selection  of 
plants  can  save  waste  and  obtain  a better  strain  of  seed.  Experi- 
ments with  the  co-operation  of  Dr.  Jabez  Fisher  of  Fitchburg 
have  been  carried  on,  in  the  girdling  of  grape  vines,  with  the 
results  of  an  increase  of  sugar,  a gain  in  size  of  the  berry,  and  a 
forwarding  of  the  time  of  ripening  by  at  least  ten  days.  The 
protection  of  fruit  trees  from  the  attacks  of  mice,  rabbits  and 
woodchucks  by  the  application  of  a mixture  of  lime,  cement  and 
Paris  green  has  had  continued  trial  with  the  same  favorable 
results  as  reported  in  previous  Bulletins.  Tests  have  been  made 
of  the  value  of  varieties  of  seed  of  sweet  corn  grown  in  New  Eng- 
land as  compared  with  the  same  varieties  raised  in  the  western 
States.  The  Corey,  Crosby  and  Stowell’s  Evergreen  were  the 
varieties  under  trial,  and  a very  decided  increase  of  sugar  in  the 
eastern  grown  over  the  western  was  found.  Investigation  has 
been  made  of  the  cause  of  peach  yellows,  and  of  the  yellows  as 
affected  by  special  fertilizers,  by  condition  of  the  soil  and  by  its 
surroundings.  Special  fertilizers  for  green-house  crops  have  been 
made  the  subject  of  experiment  and  have  been  applied  to  carna- 
tions, lettuce,  pansies  and  potatoes.  The  results  summed  up 
show  that  of  the  nitrates,  the  nitrate  of  potash  gave  the  best 
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results,  but  that  sulphate  of  ammonia  proved  even  more  efficacious, 
especially  in  the  production  of  foliage  crops.  Of  the  potash  salts, 
the  sulphates  gave  better  results  than  the  muriates,  while  bone- 
black  had  a marked  effect  in  increasing  the  number  of  blossoms. 

The  Meteorological . 

President  H.  H.  Goodell,  Director . 

Sir  : — The  work  in  the  meteorological  department  the  past  year 
has  been  a continuation  of  that  begun  the  year  preceding,  together 
with  additional  labor  in  certain  special  lines.  Particular  attention 
has  been  given  to  the  study  of  weather  prognostics,  climatic  con- 
ditions and  signs  of  local  weather  changes.  Special  study  also 
has  been  made  of  solar  and  lunar  halos  and  coronae,  and  their 
appearance,  as  precursors  of  coming  storms.  A series  of  experi- 
ments has  been  carried  on  for  some  months  for  the  purpose  of 
ascertaining  the  effect  of  dynamical  electricity  on  the  growth  and 
development  of  vegetation,  also  the  effect  of  incandescent  electric 
light  on  plant  development,  the  results  of  which  will  appear  later 
in  the  form  of  a bulletin.  As  atmospheric  electricity  is  considered 
of  late  a potent  factor  in  the  economy  of  nature,  it  was  thought 
proper  to  make  it  a careful  study  and  undertake  a series  of 
observations  in  this  department  of  meteorology.  Preparations, 
therefore,  have  been  made  in  this  direction  by  placing  an  electro- 
graph in  the  observatory.  The  following  is  a general  description 
of  the  instrument. 

The  electrograph  consists  of  a Thomson’s  quadrant  electrometer, 
registering  apparatus  and  water-dripping  apparatus.  A partial 
description  of  the  different  parts  will  be  found  under  their 
appropriate  headings.  When  in  proper  position,  the  electrometer 
is  enclosed  in  a glass  case,  the  registering  apparatus  in  a mahogany 
case,  and  the  whole  arrangement  is  mounted  on  a strong  slate 
slab.  The  instrument  was  constructed  by  Elliott  Bros,  of 
London  especially  for  this  observatory,  from  drawings  made  by 
Sir  William  Thomson,  and  is  designed  for  observations  in  atmos- 
pheric electricity. 

The  Electrometer.  — The  quadrant  electrometer  (see  Fig.  4) 
has  first  a white  flint  glass  bell  jar,  surrounded  and  supported, 
mouth  up,  by  a metal  casing.  The  outside  of  the  jar  is  partially 
covered  with  tin-foil,  while  the  inside  contains  strong  sulphuric 
acid  to  the  depth  of  about  three  inches.  The  acid  serves  a three- 
fold purpose : (a)  it  keeps  the  air  inside  quite  dry,  thereby 
insulating  parts  required  to  be  so ; ( b ) it  holds  a charge  of 
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electricity,  hence  acts  as  an  inner  coating  of  the  jar ; (c)  it 

allows  the  needle  to  become  charged  without  impeding  its  move- 
ments. Over  the  mouth  of  the  jar  is  the  main  cover,  a circular 
brass  plate,  screwed  down  to  the  metal  casing,  and  secured  so 
as  to  be  air-tight  and  prevent  the  entrance  of  moisture.  Over  a 
large  circular  hole  in  the  cover  stands  the  “ lantern  ” ; the  latter  is 
of  brass  and  covers  the  mirror  and  its  suspending  arrangements. 
It  has  a glass  window  in  front  and  allows  the  ray  of  light  to  fall 
upon  the  mirror  and  be  reflected  back  on  the  scale.  It  also  carries 
the  “gauge”  and  three  electrodes,  which  project  from  the  top. 
Four  quadrants  supported  by  short  glass  pillars  project  downward 
from  the  main  cover.  The  quadrants  are  movable  in  radial  slots, 
and  can  be  drawn  out  or  pushed  in  toward  the  axis  of  suspen- 
sion. When  the  instrument  is  in  adjustment,  the  quadrants  are 
arranged  symmetrically  about  the  needle.  One  of  the  four  is 
capable  of  adjustment  by  turning  a milled  head  screw  ; the  moving 
of  this  quadrant  also  serves  in  adjusting  the  zero  of  the  instru- 
ment. Each  pair  of  opposite  quadrants  is  connected  by  a fine 
wire,  and  from  one  quadrant  of  each  pair  rises  an  electrode, 
which,  insulated,  passes  through  the  top  of  the  lantern.  These 
electrodes  serve  to  connect  the  two  conductors  whose  difference  of 
potentials  is  to  be  measured.  The  third  electrode,  seen  projecting 
through  the  top  of  the  lantern,  is  for  charging  and  discharging 
the  Leyden  jar  of  the  electrometer. 

The  Needle  (Fig.  2) . — The  needle  consists  of  a flat  piece  of  sheet 
aluminum  shaped  like  a double  canoe  paddle,  and  is  fixed  horizon- 
tally to  a stiff  vertical  platinum  wire  which  passes  through  its  centre 
upward  and  downward.  A small  cross-bar  is  attached  to  the  upper 
end  of  this  wire,  and  the  whole  is  carried  by  a bifilar  suspension 
of  cocoon  fibres.  To  the  lower  end  of  the  stiff  platinum  wire  is 
attached  a very  fine  platinum  wire  carrying  a small  plummet, 
which  dips  into  the  sulphuric  acid  at  the  bottom  of  the  jar.  By 
this  means  the  needle  is  brought  in  contact  with  the  inside  coating 
of  the  jar  and  is  charged.  The  platinum  wire  carrying  the  needle 
has  also  a small  circular  mirror  attached  to  it.  This  mirror  is  a 
concave  mirror  of  silvered  glass,  about  15  millimetres  in  diameter, 
and  weighs  about  one-third  of  a grain.  The  concavity  of  the 
mirror  is  such  that  reflected  rays  of  light  are  brought  to  a focus 
about  one  metre  distant  from  the  mirror.  All  the  movable  parts 
are  carefully  guarded  from  external  influences  ; the  platinum  wire, 
both  above  and  below  the  needle,  is  protected  by  a metal  “guard 
tube  ” through  which  it  passes,  and  the  mirror  by  a little  cylindrical 
hood  projecting  some  distance  from  the  suspension  plate. 


32 


AGRICULTURAL  COLLEGE. 


[Jan. 


The  whole  principle  of  the  instrument  depends  upon  the  potential 
of  the  needle  remaining  constant  throughout  the  time  a series  of 
observations  is  being  made.  The  sensibility  of  the  instrument 
is  really  proportional  to  the  potential  of  the  needle  ; therefore,  by 
altering  the  charge  of  the  Leyden  jar,  we  can  alter  at  will  the 
sensibility  of  the  electrometer.  As  this  constant  and  normal 
condition  is  very  essential  in  making  a series  of  measurements, 
it  is  of  great  importance  that  some  means  be  devised  whereby 
we  can  know  at  any  time  the  electrical  condition  of  the  needle. 
The  latter  is  accomplished  by  the  gauge  connected  with  the  instru- 
ment. 

The  Gauge  (Fig.  3)  is  really  a very  delicate  electrometer.  It 
consists  of  two  metallic  disks  having  their  planes  parallel  and 
close  to  each  other.  The  upper  disk  G has  a square  hole  imme- 
diately over  the  centre  of  the  lower  disk.  The  latter  is  in  electrical 
connection  with  the  acid  of  the  jar.  A piece  of  white  sheet 
aluminum,  shaped  like  a spade,  is  carried  on  a tightly  stretched 
platinum  wire,  as  seen  in  Fig.  3.  The  blade  P covers  the  square 
hole  in  the  upper  disk.  The  rung  of  the  handle  H is  a very  fine 
black  hair,  and  behind  the  hair  stands  a porcelain  pillar  with  two 
black  dots  upon  it.  The  arrangement  is  looked  at  through  a 
plano-convex  lens  a little  distance  off.  When  the  lower  disk  is 
charged  the  blade  is  attracted  and  the  rung  of  the  handle  is  raised. 
If  the  handle  sinks  below  the  mark,  we  know  the  potential  of  the 
jar  is  falling.  The  instrument  is  in  proper  condition  when  the 
hair  is  midway  between  the  dots.  The  gauge  is  controlled  by  a 
very  delicate  electrical  machine  called  the  “ replenisher,”  turned 
by  the  fiuger. 

Rejylenislier.  — The  replenisher  consists  of  two  curved  shields, 
one  of  which  is  in  connection  with  the  acid  in  the  jar  and  the  other 
with  the  framework  of  the  instrument,  and  through  it  the  tin-foil 
outside  of  the  jar.  Two  metal  wings,  curving  outward  and  insulated 
from  each  other  by  a small  bar  of  ebonite,  are  made  to  revolve 
within  the  shields.  During  such  revolution  of  the  wings,  the  latter 
are  made  to  come  in  contact  with  two  springs  connected  together 
but  insulated  from  the  rest  of  the  instrument.  The  wings  come 
in  contact  with  the  two  springs  at  the  same  time,  and  being  thus 
connected  and  under  the  influence  of  the  shields,  the  positive 
electricity  of  the  left-hand  shield,  say,  draws  negative  electricity 
to  the  left-hand  wing,  close  to  it,  and  drives  the  positive  to  the 
right-hand  wing. 

Continuing  the  revolution  still  further,  the  wings  clear  the 


FIG.  i.  ELECTROGRAPH,  WITH  CASE. 


FIG.  4.  ELECTROGRAPH,  WITHOUT  CASE. 
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springs  ; but,  though  disconnected,  each  wing  retains  its  charge. 
Further  rotation  brings  the  right-hand  wing  with  the  positive 
charge  in  contact  with  the  left-hand  shield,  and  the  charge  is  sent 
to  the  jar.  The  negative  electricity  on  the  left-hand  wing  runs  to 
the  outer  coating  of  the  jar. 

The  shields  are  now  neutral,  as  at  first,  but  by  continuing 
the  rotation  the  process  is  repeated.  Every  turn  increases  the 
potential  of  the  jar,  and  we  can  augment  it  as  much  as  we  choose. 
By  reversing  the  motion  we  can  likewise  diminish  the  charge. 
The  instrument  is  so  extremely  sensitive  to  slight  variations  of 
potential  that  a few  turns  of  the  replenisher  will  supply  any  loss, 
however  small. 

Water-dripping  Apparatus.  — The  water-dripping  apparatus  is 
a strong  cylindrical  tank  of  galvanized  iron,  two  feet  in  diameter 
and  eighteen  inches  in  depth.  The  tank  stands  on  three  solid  glass 
supports  set  in  feet  made  of  mahogany  wood  ; the  glass  supports  are 
incased  in  cylinders  of  thick  glass  in  which  may  be  placed  pumice 
stone  soaked  in  sulphuric  acid  in  order  to  better  the  insulation. 
From  the  tank  a pipe  projects  about  five  feet  and  terminates  in  a 
fine  orifice  ; the  water  flowing  through  the  latter  breaks  into  drops 
immediately  after  leaving  the  nozzle  of  the  tube.  An  insulated 
wire  connects  the  vessel  with  the  electrometer  placed  in-doors.  A 
short  time  from  the  starting  of  the  stream  the  can  will  be  found  to 
be  electrified  to  the  same  potential  as  the  air  at  the  point  of  the 
tube.  This  potential  is  imparted  through  the  conductors  to  the 
electrometer,  and  a deflection  of  the  needle  ensues. 

Registering  Apparatus. — The  registering  apparatus  consists  of  a 
powerful  clock  with  weight,  second  pendulum,  dial  and  gearing. 
The  latter  connects  with,  and  turns  a cylinder  provided  with  a pair 
of  thin  brass  bars  furnished  with  spring  hooks  and  hinges  for  hold- 
ing the  sensitized  photographic  paper.  The  cylinder  turns  once  in 
about  thirty  hours.  The  sensitized  paper,  or  chart,  is  provided  with 
a zero  line  and  a suitable  scale  division.  On  one  side  of  the  zero 
line  the  positive  potential  is  recorded,  and  on  the  other  side  the 
negative.  In  front  of  the  cylinder  is  a long  cylindrical  glass  lens. 
Near  one  side  of  the  case  covering  the  cylinder  is  a gas  burner 
with  an  opaque  chimney  carrying  a round  glass  window  on  one 
side.  The  pencil  of  light  passes  through  the  window,  and  also  a 
vertical  slit  in  the  case,  falls  upon  the  mirror  connected  with  the 
needle,  and  is  reflected  back  upon  the  cylindrical  lens,  which 
concentrates  the  rays  in  a point.  This  follows  the  motion  of  the 
mirror  and  thus  impresses  upon  the  sensitized  paper  the  curves 
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which  measure  the  electrical  potential  of  the  air.  A shutter  suit- 
ably geared  from  the  clock  intercepts  for  four  minutes,  every 
alternate  hour,  the  passage  of  the  light,  the  gaps  marking  a time 
scale  on  the  paper.  During  the  same  time  the  quadrants  are  put 
to  earth  and  thus  discharged.  The  mirror  then  reverts  to  the 
zero  line  and  commences  a new  trace.  The  readings  are  reduced 
to  absolute  measurements  by  multiplying  by  the  factor  of  the 
instrument.  • 

This  electrograph  is  like  the  one  at  Greenwich  observatory.  It 
is  the  latest  and  most  improved  of  Sir  William  Thomson’s  instru- 
ments, and  is  most  valuable  and  useful  for  accurately  measuring 
potentials,  and  extremely  so  for  the  observation  of  atmospheric 
electricity.  No  instrument  is  more  ingeniously  contrived,  deli- 
cately arranged  and  capable  of  producing  continuous  photographic 
records  than  this  one.  Few  of  these  electrographs  are  in  operation. 
Some  of  the  observatories  of  Europe  are  supplied  with  an  old 
form  of  the  instrument.  In  the  observatories  of  Montsouris  and 
Kew,  especially  the  latter,  the  instrument  has  no  gauge  and  no 
replenisher,  and  each  pair  of  quadrants  is  connected  with  thirty 
or  more  cells,  and  the  needle  receives  its  charge  direct  from  the 
atmosphere.  But  with  the  latest  improved  instrument  no  such 
battery  is  required.  Its  potential  is  controlled  by  delicate  arrange- 
ments, and  the  needle  is  charged  through  the  acids  in  the  jar. 
While  parts  of  this  instrument  may  be  found  in  the  different  labo- 
ratories of  our  institutions,  it  is  thought  that  the  electrograph  at 
Amherst  is  the  only  complete  one  of  its  kind  in  this  country. 

Arrangements  were  made  with  the  Signal  Office  at  Washington 
for  furnishing  this  observatory  with  the  “official  forecasts  and 
cold-wave  warnings,”  but  the  expense  of  obtaining  the  telegrams 
from  the  office  was  so  great  that  it  was  thought  proper  to  wait 
until  funds  could  be  obtained  sufficient  to  place  telegraph  instru- 
ments in  the  observatory,  and  thus  be  able  to  communicate  directly 
with  the  central  office  at  Washington.  This  can  be  done  at  an 
expense  of  less  than  two  hundred  and  fifty  dollars,  for  the  United 
States  government  will  pay  for  all  telegraph  service.  It  is  there- 
fore recommended  that  money  be  appropriated  for  tins  purpose,  in 
order  that  a complete  signal  station  may  be  established  at  the 
college. 

Respectfully  submitted, 


C.  D.  Warner. 
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Annual  Statement  of  the  Hatch  Fund 
For  the  year  ending  June  30,  1890. 
Cash  received  from  the  United  States, 


Cash  paid,  salary,  .... 

. $5,266 

58 

library, 

305 

54 

labor,  .... 

3,994 

03 

postage, 

53 

40 

freight,  express,  . 

43 

15 

printing, 

897 

72 

building, 

366 

89 

furniture,  . . . 

159 

34 

supplies, 

985 

81 

scientific  instruments,  . 

582 

41 

general  fittings,  . 

728 

05 

travelling  expenses, 

104 

90 

incidental  expenses,  . 

1,512 

18 

$15,000  00 


$15,000  00 


Frank  E.  Paige,  Treasurer. 


Amherst,  Mass.,  Jan.  3,  1891. 

I,  the  undersigned,  duly  appointed  auditor  for  the  corporation,  do  hereby 
certify  that  I have  examined  the  books  and  accounts  of  the  Hatch 
Experiment  Station  of  the  Massachusetts  Agricultural  College  for  the 
fiscal  year  ending  June  30,  1890,  and  have  found  the  same  well  kept  and 
correctly  classified  as  above ; and  that  the  receipts  for  time  named  are 
shown  to  be  $15,000.00  and  the  corresponding  disbursements  $15,000.00. 
All  of  the  proper  vouchers  are  on  file  and  have  been  by  me  examined  and 
found  correct,  there  being  no  balance  to  be  accounted  for  in  the  fiscal  year 
ending  June  30,  1890. 

(Signed)  J.  H.  Demond,  Auditor. 

Amherst,  Mass.,  Jan.  3,  1891. 

I hereby  certify  that  the  foregoing  is  a true  copy  from  the  books  of 
account*  of  the  Hatch  Experiment  Station  of  the  Massachusetts  Agri- 
cultural College. 

Frank  E.  Paige,  Treasurer. 

Amherst,  Mass.,  Jan.  8,  1891. 

I hereby  certify  that  Frank  E.  Paige  is  the  treasurer  of  the  Massachu- 
setts Agricultural  College,  and  that  the  above  is  his  signature. 

Henry  H.  Goodell, 

President  Massachusetts  Agricultural  College. 


[Seal] 
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Gifts. 

From  J.  D.  W.  French,  Esq  , of  Boston,  — Ayrshire  bull  calf. 

J.  Montgomery  Sears,  Esq.,  of  Boston,  — Pair  of  imported 
Tam  worth  swine. 

Estate  of  Elizur  Wright  of  Lee,  — For  permanent  library 
fund,  one  thousand  one  hundred  and  fourteen  dollars 
and  thirty-one  cents. 

Hiram  Kendall  (M.  A.  C.,  ’76)  of  Providence,  R.  I., — 
Rhetorical  prizes  for  year  1891. 

Estate  of  Julios  Rockwell  of  Lenox,  — One  hundred  and 
three  volumes  miscellaneous  subjects. 

Chas.  B.  Stuart,  Esq.,  of  Lafayette,  Ind.,  — Cattle  por- 
traits. 

William  Wheeler  (M.  A.  C.,  ’71)  of  Concord,  — Fifty 
dollars  for  permanent  library  fund. 

City  of  Boston,  — Five  volumes  reports  of  Record  Com- 
missioner of  city  of  Boston. 

Amasa  Norcross,  Esq.,  of  Fitchburg,  — Nine  volumes 
official  records  of  the  War. 

Joseph  E.  Pond,  Esq.,  of  North  Attleborough,  — Eight 
volumes  bee  journals. 

Mrs.  G.  H.  Calvert  of  Newport,  R.  I., — Twenty-two 
volumes  miscellaneous  subjects. 

Worcester  County  Horticultural  Society, — Proceed- 
ings of  society,  1847-89. 

Essex  Institute,  Salem,  — Twelve  volumes  bulletins  of 
society. 

Wm.  H.  Barstow  of  Crete,  Neb., — Annual  Report  of 
Nebraska  Board  of  Agriculture. 

W.  S.  Lyons  of  Anaheim,  Cal.,  — Report  on  “ Forestry.” 

H.  S.  Carruth  (M.  A.  C.,  ’75)  of  Ashmont,  — Four 
volumes  American  history. 

Ginn  & Co.  of  Boston,  — Four  volumes  miscellaneous 
subjects. 

Hon.  Rodney  Wallace  of  Fitchburg,  — Five  volumes 
government  publications. 

P.  McLean  of  Brisbane,  Australia,  — Two  volumes  on 
agriculture  of  Queensland. 

Lieut.  Geo.  E.  Sage,  — Black’s  u Atlas  of  World”  and  five 
volumes  “ Scientific  American.” 

Miss  Eleanor  A.  Ormerod  of  Spring  Grove,  England,  — 
Two  volumes  on  injurious  insects. 

Hon.  Chas.  Whitehead  of  London,  England,  — Annual 
report  on  insects  and  fungi  injurious  to  crops. 
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From  Prof.  M.  Wilckens  of  Vienna,  Austria,  — “ Nordameri- 
kanische  Landwirthschaft.” 

Royal  Society  of  Canada,  — Two  volumes  proceedings 
of  society. 

Sir  John  B.  Lawes  of  Rotkamsted,  England,  — Three 
pamphlets  experiments  at  Rothamsted. 

John  A.  Cutter  (M.  A.  C.,  ’82)  of  New  York,  — Salis- 
bury’s “Alimentation  and  Disease.” 

Chester  Kellogg  of  Granby,  — Five  volumes  state  docu- 
ments. 

Mrs.  M.  C'.  Jordan  of  Pittsfield, — Two  volumes  vivi- 
section. 

Joseph  Harris  of  Moreton  Farm,  N.Y., — “Nitrate  of  Soda.” 

Dr.  Edward  Hitchcock  of  Amherst, — Five  volumes 
“ Memorabilia.” 

Dr.  Frank  Billings  of  Chicago,  111.,  — “Preventive 
Inoculation.” 

Carpenter  and  Morehouse  of  Amherst, — Twelve  vol- 
umes miscellaneous  subjects. 

S.  Crafts  of  Amherst,  — Three  volumes  miscellaneous 
subjects. 

Chas.  L.  Flint  (M.  A.  C.,  ’81)  of  Boston, — Eleven  vol- 
umes agricultural  reports. 

D.  P.  Penhallow  (M.  A.  C.,  ’73)  of  Montreal,  Canada, — 
Report  Montreal  Horticultural  Society. 

Trustees  of  Hopkins  Academy, — History  of  Hopkins 
Fund,  Grammar  School  and  Academy. 

S.  C.  Thompson  (M.  A.  C.,  ’72)  of  New  York, — Volume 
of  “ Engineering  and  Building  Record.” 

Also  the  following  papers  and  periodicals  from  the  publishers  : 
“The  Massachusetts  Ploughman,”  “The  American  Cultivator,” 
“The  New  England  Farmer,”  “The  American  Veterinary  Re- 
view,” “ The  American  Garden,”  “ The  Poultry  Monthly,”  “ The 
Mirror  and  Farmer,”  “The  American  Grange  Bulletin,”  “The 
Farm  and  Home,”  “ The  Berkshire  Courier,”  “ The  Home  Farm,” 
“ The  Ohio  Practical  Farmer,”  “ The  Orange  Judd  Farmer,”  “ The 
New  England  Homestead.” 

I have  the  honor  to  present  herewith  the  reports  of  the  treasurer, 
the  professor  of  veterinary  science  and  the  professor  of  military 
science  and  tactics. 

Respectfully  submitted,  by  order  of  the  trustees, 

HENRY  H.  GOODELL, 

Amherst,  Jan.  8,  1891.  President. 
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TREASURER’S  REPORT. 


Frank  E.  Paige,  Treasurer  of  Massachusetts  Agricultural  College , for 
the  Year  ending  Dec.  31,  1890. 


Received. 

Paid. 

Cash  on  hand, 

$6,468  79 

Term  bill, 

5,753  76 

$2,203  19 

Botanical, 

4,133  94 

4,583  94 

Farm 

3,888  28 

8.186  28 

Expense, 

178  14 

7,423  32 

Laboratory, 

732  21 

738  56 

Salary, 

- 

15,891  60 

Labor  Fund, 

5,000  00 

4,704  92 

Library  Fund, 

424  81 

424  81 

Endowment  Fund, 

9,921  64  , 

- 

State  Scholarship  Fund, 

15,000  00 

- 

Hills  Fund, 

666  36 

672  80 

Grinnell  Prize  Fund,  ..... 

45  00 

15  00 

Whiting  Street  Fund, 

51  15 

80  00 

Mary  Robinson  Fund, 

67  64 

50  00 

Advertising, 

- 

595  96 

Botanic  Special, 

- 

1,000  00 

Gassett  Scholarship  Fund,  .... 

42  94 

140  00 

Extra  instruction, 

- 

1,861  49 

Reading-room, 

- 

114  45 

Cash  on  hand  Dec.  31,  1890,  .... 

- 

3,688  34 

$52,374  66 

$52,374  66 

Cash  Balance,  as  shown  by  the  Treasurer’s  Statement, 

BELONGS  TO  THE  FOLLOWING  ACCOUNTS. 


Grinnell  Prize  Fund, $30  00 

Mary  Robinson  Fund, 182  74 

Whiting  Street  Fund, 112  61 

Gassett  Fund, 8 82 

Hills  Fund, 78  69 

Insurance, 11  19 

Labor  Fund, 2,779  03 

General  fund  of  college, 485  26 


$3,688  34 
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Cash  and  Bills  Receivable  Dec.  31,  1890. 

Farm 

Term  bills, 

Laboratory, 

Botanical, 

Cash  on  hand  of  general  fund, 


Bills  Payable  Dec.  31,  1890. 

Term  bill  account, 

Botanical  account,  ....... 

Expense, 

Farm  account, 

Labor  Fund, 

Laboratory  bills, 

Value  of  Real  Estate. 


Land. 

Cost. 

College  farm, 

$37,000  00 

Pelham  quarry,  

500  00 

Buildings. 

Cost. 

Laboratory, 

$10,360  00 

Botanic  museum, 

5,180  00 

Botanic  barn, 

1,500  00 

Durfee  plant-house  and  fixtures, 

12,000  00 

Small  plant-house  and  fixtures, 

800  00 

North  college, 

36,000  00 

Boarding-house, 

8,000  00 

South  dormitory,  ...... 

37,000  00 

Graves  house  and  barn, 

8,000  00 

Farm-house, 

4,000  00 

Farm  barns  and  sheds, 

14,500  00 

Stone  chapel, 

31,000  00 

Drill  hall, 

6,500  00 

President’s  house, 

11,500  00 

Four  dwelling-houses  and  shed,  purchased 
with  farm, 

10,000  00 

Inventory  of  Personal  Property. 

Farm, 

Laboratory, 

Boarding-house, 

Botanical  department, 

Natural  history  collection, 

Library,  . 

Fire  apparatus, 

Physics,  ...  
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$2,874  38 
1,097  72 
196  03 
221  98 
485  26 


$4,875  37 

$27  90 
327  53 
281  50 
3,237  25 
108  00 
33  86 

$4,016  04 


$37,500  00 


196,340  00 
$233,840  00 

$18,665  75 
1,169  77 
400  00 
9,574  55 
3,267  04 
9,000  00 
500  00 
3,587  26 


$46,164  37 
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* Summary  Statement. 

Ossete. 

Total  value  real  estate,  per  inventory,  . . $ 233,840  00 

Total  value  personal  property,  per  inventory,  . 46,164  37 

Total  cash  on  hand  and  bills  receivable,  per 
inventory, 4,875  37 


Total, $284,879  74 


Liabilities. 

Bills  payable,  as  per  inventory, 4,016  04 

$280,863  70 

Funds  for  Maintenance  of  College. 


Technical  Educational  Fund,  United  States 

Grant,  amount  of, $219,000  00 

Technical  Educational  Fund,  State  Grant,  . 141,575  35 

By  law  two-thirds  of  the  income  is  paid  to  the  treasurer 
of  the  college,  one-third  to  Institute  of  Technology. 

Amount  received,  1890, 

State  Scholarship  Fund,  $10,000.  This  sum  was  appro- 
priated by  the  Legislature,  1886,  and  is  paid  in  quarterly 

payments  to  the  college  treasurer, 

Hills  Fund  of  $10,000,  in  hands  of  college  treasurer.  This 
was  given  by  L.  M.  and  H.  F.  Hills  of  Amherst.  By  con- 
ditions of  the  gift  the  income  is  to  be  used  for  maintenance 

of  a botanic  garden.  Income,  1890, 

Unexpended  balance,  Dec.  31, 1890,  $78.69. 

Annual  State  appropriation  of  $10,000.  This  sum  was 
appropriated  by  Legislature  of  1889,  for  four  years,  for  the 
endowment  of  additional  chairs  and  general  expense. 
Five  thousand  dollars  of  the  sum  was  appropriated  as  Labor 
Fund,  to  provide  for  the  paying  of  labor  performed  by 
needy  and  worthy  students,  . . . . . 

Grinnell  Prize  Fund  of  $1,000,  in  hands  of  college  treasurer. 
Gift  of  Ex-Gov.  William  Claflin  ; was  called  Grinnell  Fund 
in  honor  of  his  friend.  The  income  is  appropriated  for 
two  prizes,  to  be  given  for  the  best  examination  in  agri- 
culture by  graduating  class.  Income,  1890,  . . . 

Unexpended  balance,  $30. 

Mary  Robinson  Fund  of  $1,000,  in  hands  of  college  treas- 
urer; given  without  conditions.  The  income  has  been  ap- 
propriated to  scholarships  to  worthy  and  needy  students. 

Income,  1890,  . . . 

Unexpended  balance,  Dec.  31,  1890,  $182.74. 

Whiting  Street  Fund  of  $1,000,  a bequest  without  conditions. 
To  this  sum  is  added  $260  by  vote  of  the  trustees  in 
January,  1887,  it  being  the  interest  accrued  on  the  bequest. 
Amount  of  fund,  Dec.  31,  1888,  $1,260.  Unexpended  bal- 
ance of  income,  $112.61.  Income,  1890,  . . . . 


$9,921  64 

10,000  00 


666  36 


10,000  00 


45  00 


67  64 


51 


15 


Amount  carried  forward , . 


$30,751  79 
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Amount  brought  forward , $30,751  79 

Library  Fund,  for  use  of  library,  $7,715.50.  Deposited  in 
Amherst  Savings  Bank. 

Gassett  Scholarship  Fund ; the  sum  of  $1,000  was  given  by 
the  Hon.  Henry  Gassett  as  a scholarship  fund.  Unex- 


pended balance,  Dec.  31,  1890,  $8.82.  Income,  1890, . . 42  94 

Total, '.  . . . $30,794  73 


To  this  sum  should  be  added  amount  of  tuition,  room  rent,  receipts  from 
sales  of  farm  and  botanic  gardens ; amount  of  same  can  be  learned  from 
statement  of  treasurer.  Tuition  and  room  rent  under  head  of  term  bill. 

This  is  to  certify  that  I have  this  day  examined  the  accounts  of  F.  E. 
Paige,  treasurer  of  the  Massachusetts  Agricultural  College,  from  Jan.  1, 
1890,  to  Jan.  1,  1891,  and  find  the  same  correct,  properly  kept  and  vouched 
for.  The  balance  in  the  treasury,  being  three  thousand  six  hundred 
eighty-eight  and  T3g4o  dollars  ($3,688.34),  is  shown  to  be  in  bank. 

C.  A.  Gleason,  Auditor. 

Jan.  6,  1891. 
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VETERINARY  DEPARTMENT. 


H.  H.  Goodell,  President  Massachusetts  Agricultural  College. 

In  accordance  with  your  request,  I submit  the  following  report 
of  the  Veterinary  Department : — 

The  more  extended  course  of  instruction  recently  introduced 
into  the  curriculum  of  the  college  in  this  department  is  not  for 
the  purpose  of  preparing  the  students  to  be  practitioners  of 
veterinary.  It  is  to  give  them  a better  knowledge  of  the  science, 
so  that  they  can  read  standard  works  upon  the  subject,  discuss 
intelligently  points  in  connection  with  it,  give  animals  entrusted 
to  their  charge  better  care,  and,  in  cases  of  necessity,  treat  some 
of  their  simple  ailments. 

Heretofore  the  instruction  in  veterinary  has  been  limited  to  two 
or  three  lectures  a week  for  one  term  ; but  last  year,  five  hours  a 
week  were  devoted  to  it  by  the  seniors  during  the  winter  term  of 
ten  weeks.  The  time  allotted  was,  however,  so  short,  that  the 
instructors  could  not  give  such  a course  as  they  would  have  liked, 
clear  and  to  the  point,  such  as  could  be  retained  by  the  student 
and  prove  of  use  after  graduation  from  the  college.  Only  the 
most  important  subjects,  and  then  without  going  into  detail, 
could  be  taken  up  for  study,  because  the  students  were  not 
familiar  with  the  technology  of  anatomy  and  medicine,  which  is 
absolutely  necessary  if  they  are  to  understand  disease,  or  are  to 
receive  such  instruction  as  will  enable  them  to  consult  an  authorita- 
tive work  upon  the  subject. 

With  the  time  now  allowed,  namely,  five  hours  a week  for  three 
terms  with  the  senior  class,  who  in  their  junior  year  have  become 
familiar  with  general  anatomy  by  dissections  made  in  the  zoological 
laboratories  under  Professor  Fern  aid,  I have  mapped  Out  the 
following  course  : — . 

The  first  half  of  the  fall  term  is  given  to  the  study  of  veterinary 
hygiene.  This  subject  is  taught  by  lectures,  there  being  no  text 
book  applicable  for  the  purpose.  It  includes  a study  of  the  relation 
of  hygiene  to  physiology,  chemistry  and  medicine.  Following  this 
the  subject  of  water  is  taken  up ; the  quantity  required,  its 
collection,  storage  and  distribution ; the  source  of  supply  and 


1891.]  PUBLIC  DOCUMENT  — No.  31. 


43 


its  liability  to  contamination  ; the  building  of  wells,  their  care  ; 
the  effects  of  impure  water ; the  spread  and  cause  of  disease 
as  resulting  from  the  use  of  a contaminated  supply  ; the  methods 
of  examination  by  physical,  microscopical  and  chemical  means. 

After  a careful  consideration  of  this  topic  we  continue  with  the 
study  of  air  ; its  composition  and  impurities  ; the  natural  forces 
that  tend  to  keep  it  pure  ; the  disease-producing  germs  found  in 
the  atmosphere  and  their  relation  to  the  health  of  our  domestic 
animals.  In  this  connection  the  ventilation  of  stables  is  discussed  ; 
the  quantity  of  air  required,  the  best  methods  of  supplying  it,  and 
the  mode  of  detecting  impurities. 

Stable  construction  from  a sanitary  point  is  next  con- 
sidered ; the  location,  aspect,  position,  the  dimensions,  the 
construction  of  walls,  windows,  ventilators,  floors,  stalls  and 
fittings.  The  laws  of  hygiene  as  applied  to  food  and  feeding  are 
the  next  important  points,  under  which  is  discussed  the  classifi- 
cation of  foods  ; the  effect  of  unwholesome  food  ; the  effect  of 
over  and  under  feeding  ; the  result  of  a too  liberal  supply  of  rich 
nitrogenous  foods,  and  the  effect  of  not  furnishing  a variety. 

The  feeding  of  different  animals  with  certain  ends  in  view,  such 
as  horses  for  draft  or  fast  work,  cattle  for  growth,  fat  or  milk,  is 
noted  also  ; the  production  of  disease  by  some  foods.  Attention 
is  given  to  the  care  of  individual  animals  in  and  out  of  the  stable  ; 
the  care- of  the  feet ; the  effects  of  grooming,  clipping,  clothing,  etc. 

The  remainder  of  the  fall  term  is  devoted  to  a course  on 
anatomy  and  physiology.  The  anatomy  of  the  horse  is  the 
subject  of  special  study,  but  the  structural  differences  of  the  other 
domestic  animals  are  carefully  explained.  Small  animals  are 
dissected  for  the  purposes  of  demonstration,  but  they  are  inade- 
quate to  give  a correct  idea  of  the  anatorhy  of  the  horse  or  the  cow,  as 
in  many  respects  the  important  internal  organs  are  very  much  unlike 
the  corresponding  ones  in  the  larger  animals.  A knowledge  of  the 
gross  anatomy  is  important,  for  unless  the  students  are  acquainted 
with  the  form,  structure,  position  and  functions  of  the  different 
organs  in  health,  they  cannot  form  a correct  idea  of  their  condi- 
tion when  diseased. 

As  a dissecting  room,  and  the  time  necessary  for  dissecting,  is 
not  practicable,  the  college  should  provide  as  soon  as  possible  an 
Auzoux  clastic  model  of  the  horse.  Besides  being  valuable  to  the 
veterinary  department,  it  would  also  be  of  great  use  to  the 
students  in  the  study  of  zoology  and  physiology  earlier  in  the  course. 

During  the  winter  term  a knowledge  of  the  non-contagious 
diseases  of  horses,  cattle,  sheep  and  swine  is  obtained  by  lectures 
and  clinics.  The  pathology  of  inflammation  is  thoroughly  dis- 
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cussed,  since  it  is  the  diseased  condition  found  in  connection  with 
a majority  of  the  non-contagious  diseases  affecting  domestic 
animals.  Then  follow  lectures  and  demonstrations  of  diseases  of 
the  bony,  muscular,  digestive,  respiratory,  circulatory  and  nervous 
systems,  as  also  diseases  of  special  organs,  such  as  the  foot,  skin, 
eye,  ear,  etc. 

The  subjects  for  the  spring  term  are  the  parasitic  and  contagious 
diseases  of  the  domestic  animals,  and  obstetrics.  Embryology  is 
briefly  reviewed.  The  diseases  incident  to  gestation  and  parturi- 
tion— their  causes,  symptoms,  prevention  and  treatment  — receive 
special  attention.  When  possible  the  students  are  given  practical 
demonstration  of  class-room  work ; sick  or  diseased  animals  are 
shown  them  to  impress  upon  their  minds  what  they  have  heard  by 
lectures.  Surgical  operations  are  performed  before  the  class, 
when  patients  can  be  obtained. 

In  this  connection  it  would  be  to  the  advantage  of  the  students 
if  a suitable  room  could  be  provided  in  connection  with  the  class- 
room (which  should  be  on  the  ground  floor),  so  that  an  animal 
could  be  taken  before  the  class  instead  of,  as  now,  taking  the 
class  out  on  the  road  in  front  of  the  college,  or  some  distance  to 
the  barn,  necessitating  a considerable  loss  of  time,  beside  being 
inconvenient  to  both  instructor  and  pupil. 

Respectfully  submitted, 

JAS.  B.  PAIGE,  Veterinary  Surgeon. 
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MILITARY  DEPARTMENT. 


To  the  President  Massachusetts  Agricultural  College , Amherst , Mass. 

Sir  : — I have  the  honor  to  submit  the  following  report  of  the 
Military  Department  for  the  year  ending  Dec.  31,  1890:  — 


Course  of  Study. 

There  has  been  no  change  in  the  course  of  study  pursued  by  the 
cadets.  The  instruction  of  the  senior  class  has  been  principally 
by  lectures,  and  that  of  the  sophomore  and  freshman  classes  by 
text-books,  “ Upton’s  Infantry  and  Artillery  Tactics  ” being  the 
one  in  use.  The  new  “ Drill  Regulations  of  the  United  States 
Army  ” will  soon  be  available  for  this  purpose.  The  class  of  1890, 
without  exception,  received  diplomas  from  the  military  department. 

The  attention  in  the  lecture  room  has  been  good,  and  progress 
has  been  satisfactory. 

I would  recommend  that  the  theoretical  instruction  in  infantry 
tactics  be  shifted  from  the  freshman  to  the  junior  year,  on  account 
of  the  duties  of  officers  which  will  then  devolve  upon  them. 

A prize  of  twenty  dollars  was  offered  for  the  best  essay  on  the 
trip  to  the  United  States  Military  Academy,  taken  by  the  members 
of  the  senior  class  under  the  supervision  of  the  Commandant  of 
Cadets.  It  was  awarded  to  H.  J.  Field.  A prize  of  fifteen 
dollars  has  also  been  offered  by  W.  H.  Bowker,  1871,  and  John  C. 
Cutter,  1872,  for  the  best  military  essay  on  the  subject,  “ Military 
Instruction  in  Agricultural  Colleges.” 

Practical  Instruction. 

Practical  instruction  has  been  given  to  the  cadets  in  target 
practice  ; in  infantry  drill,  both  by  squad,  company  and  battalion  ; 
in  artillery  drill,  by  means  of  the  light  battery ; and  in  sabre 
drill,  dismounted.  The  discipline  of  the  corps  has  been  good, 
and  the  attention  paid  by  them  during  the  military  exercises  has 
been  excellent.  I especially  wish  to  invite  your  attention  to  the 
increased  interest  shown  by  the  cadet  officers,  and  the  faithful 
work  performed  by  them  during  the  present  academic  year.  The 
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cadet  officers  are  held  responsible  to  the  Commandant  of  Cadets 
for  the  drill,  appearance  and  discipline  of  their  respective  com- 
panies. The  object  of  this  department  being  to  graduate  students 
capable  of  performing  the  duties  of  officers  in  the  National  Guard, 
it  is  thought  that  this  end  will  be  better  attained  by  placing  upon 
them  as  much  of  an  officer’s  responsibility  as  possible,  and  by 
causing  them  to  carry  out  in  practice  what  they  have  been  taught 
by  theory. 

Uniform  and  Equipment. 

Since  my  last  report  the  uniform  has  been  changed  to  one  very 
nearly  resembling  the  infantry  uniform  of  the  United  States  Army, 
viz.,  blue  with  white  trimmings.  It  is  cheaper,  more  serviceable 
and  much  more  soldierly  in  appearance  than  the  one  formerly  in 
use.  The  cost  of  the  new  uniform  for  a private  is  $15.75,  including 
blouse,  pants  and  cap,  as  against  $17.50  for  the  former  one. 
Thirty-one  new  rifles  and  accoutrements  have  been  added  to  the 
equipment  of  the  corps,  these  rifles  being  fitted  with  the  Buffington 
sight,  the  most  improved  one  now  in  use.  These  rifles  are  being 
used  in  target  practice  with  good  results.  I recommend  that  the 
State  Legislature  be  asked  to  authorize  the  Adjutant-General  to 
turn  over  to  the  college  all  State  property  of  a military  character 
now  in  its  possession. 

Buildings. 

The  partitions  have  been  removed  between  the  small  bed-rooms 
in  North  College,  thus  giving  increased  light  and  ventilation. 
About  one-half  the  rooms  in  North  College  were  re-papered  and 
whitewashed  during  the  last  summer  vacation,  and  it  is  recom- 
mended that  the  same  repairs  be  put  on  the  remainder  at  an  early 
date.  A new  bath-room  has  been  placed  in  the  basement  of  South 
College,  containing  two  bath  tubs  and  two  shower  baths,  — an 
improvement  much  needed  and  one  greatly  appreciated  by  the 
cadets.  I recommend  that  the  bathing  facilities  be  further 
increased  by  the  addition  of  another  room  with  the  same  appliances. 
Electric  lights  should  also  be  placed  in  the  drill  hall,  which  con- 
tains the  gymnastic  apparatus,  in  order  to  furnish  a place  for  the 
cadets  during  the  long  winter  evenings,  for  the  physical  training 
and  exercise  so  necessary  for  the  good  health,  more  especially  of 
those  who  do  not  work  during  their  spare  time.  I also  recommend 
that  gratings  be  placed  over,  or  a railing  be  placed  around,  the 
openings  in  front  of  the  basement  windows  of  South  College. 

I enclose  herewith  a “Roster  of  the  Battalion  of  Cadets,”  and 
also  an  inventory  of  all  the  property  pertaining  to  the  Military 
Department. 
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Battalion  Organization. 

Commandant  of  Cadets,  Lester  W.  Cornish,  First  Lieut.  Fifth  United 
States  Cavalry. 

Cadet  Major,  Murray  Ruggles.  , 

Cadet  Adjutant,  W.  A.  Brown. 

Cadet  Quartermaster,  W.  W.  Gay. 

Cadet  Fire  Marshal,  L.  F.  Horner. 

Cadet  Sergeant  Major,  H.  E.  Crane. 

Cadet  Quartermaster  Sergeant,  E.  B.  Holland. 

Color  Guard.  — Cadet  Color  Sergeant,  R.  H.  Smith;  Cadet  Color  Cor- 
porals, J.  L.  Field,  R.  P.  Lyman,  J.  E.  Deuel. 

Drum  Corps.  — Cadet  First  Sergeant,  William  Fletcher;  Cadet  Drum 
Major,  W.  H.  Ranney;  Cadet  Privates,  F.  L.  Arnold,  E.  G.  Babbitt,  H. 
D.  Clark,  L.  E.  Goessmann,  E.  C.  Howard,  C.  F.  Johnson,  E.  H. 
Lehnert,  J.  H.  Putnam,  H.  C.  West,  M.  H.  Williams. 


Company  “ A.” 

Cadet  Capt.,  C.  A.  Magill. 

Cadet  First  Lieut. , II.  T.  Shores. 
Cadet  Second  Lieut. , A.  H.  Sawyer. 
Cadet  First  Sergt.,  E.-  T.  Clark. 
Cadet  Second  Sergt.,  A.  T.  Beals. 
Cadet  Corporal,  H.  B.  Emerson. 


Company  “ B.” 

Cadet  Capt.,  W.  C.  Paige. 

Cadet  First  Lieut.,  H.  M.  Howard. 
Cadet  Second  Lieut.,  E.  P.  Felt. 
Cadet  First  Sergt. , F.  G.  Stockbridge. 
Cadet  Second  Sergt.,  W.  I.  Boynton. 
Cadet  Corporal,  C.  S.  Graham. 


Company  “ <7.” 

Cadet  Capt.,  H.  M.  Legate. 

Cadet  First  Lieut.,  J.  B.  Hull. 
Cadet  Second  Lieut.,  A.  G.  Eames. 
Cadet  First  S’gt.,  H.  M.  Thompson. 
Cadet  Second  S’gt. , Elliot  Rogers. 
Cadet  Corporal,  C.  M.  Hubbard. 


Company  “ D.” 

Cadet  Capt.,  M.  A.  Carpenter. 
Cadet  First  Lieut.,  H.  J.  Field. 
Cadet  Second  Lieut.,  C.  H.  Johnson. 
Cadet  First  Sergt.,  G.  B.  Willard. 
Cadet  Second  Sergt.,  G.  E.  Taylor. 
Cadet  Corporal,  F.  H.  Plumb. 


Inventory  of  Stores  in  the  Military  Department. 

United  States  Government  Property. — Two  light  twelve-pound  bronze 
guns  with  implements,  2 eight-inch  mortars  with  implements,  2 gun 
carriages,  2 gun  caissons,  2 mortar  beds,  127  Springfield  rifles,  125  infantry 
accoutrements,  sets;  75  cartridges,  blank,  for  field  gun;  1,700  cartridges, 
metallic,  ball;  150  friction  primers,  2 mortar  platforms,  650  pasters,  black ; 
300  pasters,  buff;  20  paper  targets,  “ A ” ; 50  paper  targets,  “ B ”. 


State  Property. — One  Springfield  rifle,  calibre  50;  150  tompions,  1 

artillery  sabre,  75  cavalry  sabres,  75  sabre  belts,  75  sabre  belt  plates,  20 
knapsacks,  6 drums,  2 dress  hats,  2 sashes,  non-commissioned  officers’ ; 
3 plumes. 


College  Property.  — Two  drums,  snare ; 4 drumsticks,  pairs ; 1 bass  drum, 
stick  and  strap ; 3 fifes,  1 cutlass  and  scabbard,  1 Winchester  rifle,  1 
Spencer  rifle,  1 flint-lock  rifle,  2 brushes  for  rifle  barrels,  1 revolver,  1 hub 
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model,  4 hammers,  small;  1 bench  vise,  small ; 2 shovels,  long  handles ; 1 
camp  kettle,  large ; 1 coffee  kettle,  2 dippers,  long  handles ; 22  tin  cups,  13 
plumes,  6 sashes,  silk;  9 sashes,  worsted;  19  swords,  officers’;  2 stands, 
battalion  colors ; 2 flags,  markers ; 1 flag,  garrison ; 134  dress  hats,  1 sheep- 
skin for  sponges,  1 maul,  7 powder  barrels,  iron ; 1 canteen,  1 halliards, 
200  feet ; 2 target  frames. 


' Respectfully  submitted, 


LESTER  W.  CORNISH, 

First  Lieutenant , Fifth  Cavalry,  Professor  of  Military  Science. 
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CALENDAR  FOR  1891-92. 


1891. 

January  6,  Tuesday,  winter  term  begins,  at  8.15  a.m. 

March  26,  Thursday,  winter  term  closes,  at  10.30  a.m. 

April  7,  Tuesday,  spring  term  begins,  at  8.15  a.m. 

f Baccalaureate  Sermon. 

! 

June  14,  Sunday,  -j  Address  before  the  Christian  Union,  by 
L Rev.  John  Bascom,  D.D.,  LL.D. 

June  15,  Monday,  Kendall  Prize  Speaking. 

Grinnell  Prize  Examination  of  the  Senior 
Class  in  Agriculture. 

June  16,  Tuesday,  j Meeting  of  the  Alumni. 

Military  Exercises. 

L President’s  Reception, 
f Commencement  Exercises. 

Meeting  of  Trustees. 

June  18,  Thursday,  examinations  for  admission^  at  9 a.m., 
Botanic  Museum,  Amherst ; at  the  Commonwealth  Building, 
Boston  ; and  at  the  Sedgwick  Institute,  Great  Barrington.* 
September  1,  Tuesday,  examinations  for  admission,  at  9 a.m., 
Botanic  Museum. 

September  2,  Wednesday,  fall  term  begins,  at  8.15  a.m. 

December  18,  Friday,  fall  term  closes,  at  10.30  a.m. 


June  17,  Wednesday,  j 


1892. 

January  5,  Tuesday,  winter  term  begins,  at  8.15  a.m. 
March  24,  Thursday,  winter  term  closes,  at  10.30  a.m. 


* See  page  61. 
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THE  CORPORATION. 


Term  expires 

WILLIAM  H.  BOWKER  of  Boston,  ....  1892 

J.  D.  W.  FRENCH  of  Boston, 1892 

THOMAS  P.  ROOT  of  Barre  Plains,  . . . 1893 

J.  HOWE  DEMOND  of  Northampton,  . . . 1893 

FRANCIS  H.  APPLETON  of  Lynnfield,  . . . 1894 

WILLIAM  WHEELER  of  Concord,  ....  1894 

ELIJAH  W.  WOOD  of  West  Newton,  . . . 1895 

CHARLES  A.  GLEASON  of  New  Braintree,  . . 1895 

DANIEL  NEEDHAM  of  Groton,  ....  1896 

JAMES  DRAPER  of  Worcester,  . . . .1896 

HENRY  S.  HYDE  of  Springfield,  ....  1897 

MERRITT  I.  WHEELER  of  Great  Barrington,  . 1897 

JAMES  S.  GRINNELL  of  Greenfield,  . . . 1898 

JOSEPH  A.  HARWOOD  of  Littleton,  . . . 1898 


Members  Ex  Officio. 

His  Excellency  Governor  WILLIAM  E.  RUSSELL,  President 
of  the  Corporation. 

HENRY  II.  GOODELL,  President  of  the  College. 

JOHN  W.  DICKINSON,  Secretary  of  the  Board  of  Education. 
WILLIAM  R.  SESSIONS,  Secretary  of  the  Board  of  Agriculture. 


JAMES  S.  GRINNELL  of  Greenfield, 
Vice-President  of  the  Corporation. 


WILLIAM  R.  SESSIONS  of.  Hampden,  Secretary. 


FRANK  E.  PAIGE  of  Amherst,  Treasurer. 


CHARLES  A.  GLEASON  of  New  Braintree,  Auditor. 
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Committee  on  Finance  and  Buildings.* 
JAMES  S.  GRINNELL.  HENRY  S.  HYDE. 

J.  HOWE  DEMOND.  CHARLES  A.  GLEASON. 

DANIEL  NEEDHAM,  Chairman. 


Committee  on  Course  of  Study  and  Faculty.  * 
THOMAS  P.  ROOT.  FRANCIS  H.  APPLETON. 

WILLIAM  H.  BOWKER.  J.  D.  W.  FRENCH. 

WILLIAM  WHEELER,  Chairman. 


Committee  on  Farm  and  Horticultural  Departments.  * 
ELIJAH  W.  WOOD.  JAMES  DRAPER. 

JOSEPH  A.  HARWOOD.  MERRITT  I..  WHEELER. 

WILLIAM  R.  SESSIONS,  Chairman. 


Committee  on  Experiment  Department.  * 
DANIEL  NEEDHAM.  ELIJAH  W.  WOOD. 

WILLIAM  WHEELER.  JAMES  DRAPER. 

WILLIAM  R.  SESSIONS,  Chairman. 


Board  of  Overseers. 

THE  STATE  BOARD  OF  AGRICULTURE. 


Examining  Committee  of  Overseers. 


SAMUEL  B..  BIRD,  . 

GEORGE  CRUICKSHANKS,  Chairman , 
VELOROUS  TAFT,  f 
GEORGE  S.  TAYLOR,  . 

ATKINSON  C.  YARNUM,  . 
NATHANIEL  S.  SHALER,  . 


of  Framingham, 
of  Lunenburg, 
of  Upton, 
of  Chicopee  Falls, 
of  Lowell, 
of  Cambridge. 


The  Faculty. 

HENRY  II.  GOODELL,  M.A.,  President , 

Professor  of  Modern  Languages  and  English  Literature. 

* The  president  of  the  college  is  ex  officio  a member  of  each  of  the  above 
committees. 

t Died  June  23,  1890,  at  West  Upton. 
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LEVI  STOCKBRIDGE, 

Professor  of  Agriculture,  Honorary. 

CHARLES  A.  GOESSMANN,  Pli.D.,  LL.D., 
Professor  of  Chemistry. 

SAMUEL  T.  MAYNARD,  B.Sc., 

Professor  of  Botany  and  Horticulture. 

CLARENCE  D.  WARNER,  B.Sc., 

Professor  of  Mathematics  and  Physics. 

CHARLES  WELLINGTON,  Ph.D., 

Associate  Professor  of  Chemistry. 

CHARLES  H.  FERNALD,  Ph.D., 

Professor  of  Zoology. 

Rev.  CHARLES  S.  WALKER,  Ph.D., 

Professor  of  Mental  and  Political  Science. 

WILLIAM  P.  BROOKS,  B.Sc., 

Professor  of  Agriculture. 

LESTER  W.  CORNISH,  1st  Lieut.  5th  Cavalry,  U.  S.  A., 
Professor  of  Military  Science  and  Tactics. 

GEORGE  F.  MILLS,  M.A., 

Professor  of  English. 

JAMES  B.  PAIGE,  V.S., 

Professor  of  Veterinary  Science. 

FRANK  E.  PAIGE, 

Lecturer  on  Farm  Law. 

HENRY  H.  GOODELL,  M.A., 

Librarian. 


FRED  S.  COOLEY,  B.Sc., 
Farm  Superintendent. 
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Graduates  of  1890.* 


Barry,  David  (Boston  Univ.), 

Bliss,  Clinton  Edwin  (Boston  Univ.),  . 
Castro,  Arthur  de  Moraes  e (Boston  Univ.), 
Dickinson,  Dwight  Ward  (Boston  Univ.),  . 
Felton,  Truman  Page  (Boston  Univ.),  . 
Gregory,  Edgar  (Boston  Univ.),  . 

Haskins,  Henry  Darwin  (Boston  Univ.), , 
Herrero,  Jos6  Maria  (Boston  Univ.),  . 
Jones,  Charles  Howland  (Boston  Univ.), 
Loring,  John  Samuel  (Boston  Univ.),  . 
McCloud,  Albert  Carpenter  (Boston  Univ.), 
Mossman,  Frederick  Way  (Boston  Univ.), . . 
Russell,  Henry  Lincoln  (Boston  Univ.), 
Simonds,  George  Bradley  (Boston  Univ.),  . 
Smith,  Frederic  Jason  (Boston  Univ.),  . 

Stowe,  Arthur  Nelson, 

Taft,  Walter  Edward  (Boston  Univ.),  . 
Taylor,  Fred  Leon  (Boston  Univ.), 

West,  John  Sherman  (Boston  Univ.),  . 
Williams,  Frank  Oliver  (Boston  Univ.), 

Total, 


Southwick. 

Attleborough. 

Juiz  de  Fora,  Minas, 'Brazil. 
Amherst. 

Berlin. 

Marblehead. 

North  Amherst. 

Jovellanos,  Cuba. 

Downer’s  Grove,  111. 
Shrewsbury. 

Amherst. 

Westminster. 

Sunderland. 

Ashby. 

North  Hadley. 

Hudson. 

Dedham. 

Amherst. 

Belchertown. 

Sunderland. 

20 


Senior  Class. 


Arnold,  Frank  Luman,  . 
Brown,  Walter  Augustus, 
Carpenter,  Malcolm  Austin,  . 
Eames,  Aldice  Gould, 

Felt,  Ephraim  Porter, 

Field,  Henry  John, 

Gay,  Willard  Weston, 

Horner,  Louis  Frederic,  . 
Howard,  Henry  Merton,  . 

Hull,  Jr.,  John  Byron,  . 
Johnson,  Charles  Henry, 

Lage,  Oscar  Yidal  Barboza,  . 

Legate,  Howard  Newton, 
Magill,  Claude  Albion,  . 

Paige,  Walter  Cary, 

Phillips,  John  Edward  Stanton, 
Ruggles,  Murray,  . 

Sawyer,  Arthur  Henry,  . 
Shores,  Harvey  Towle,  . 
Tuttle,  Harry  Fessenden, 

Total,  .... 


Belchertown. 

Feeding  Hills. 

Leyden. 

North  Wilmington. 
Northborough. 

Leverett. 

Georgetown. 

Newton  Highlands. 
Franklin. 

Stockbridge. 

Prescott. 

Juiz  de  Fora,  Minas-Geraes, 
Brazil. 

Sunderland. 

Amherst. 

Amherst. 

Brooklyn,  Conn. 

Milton. 

Sterling. 

West  Bridgewater. 

Jamaica  Plain. 

. 20 


* The  annual  report,  being  made  in  January,  necessarily  includes  parts  of  two 
academic  years,  and  the  catalogue  bears  the  names  of  such  students  as  have  been 
connected  with  the  college  during  any  portion  of  the  year  1890. 
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Junior  Class. 


Bardin,  James  Edgar, 

Dalton. 

Boynton,  Walter  Ira, 

North  Amherst. 

Clark,  Edward  Thornton, 

Granby. 

Crane,  Henry  Everett,  . 

Weymouth. 

Deuel,  James  Edward,  . 

Amherst. 

Emerson,  Henry  Bennett, 

Gloucester. 

Field,  Judson  Leon, 

Leverett. 

Fletcher,  William,  . 

Chelmsford. 

Goldthwait,  Jr.,  William  Johnson 

,, 

Marblehead. 

Graham,  Charles  Sumner, 

Holden. 

Holland,  Edward  Bertram, 

. 

Amherst. 

Hubbard,  Cyrus. Moses,  . 

Sunderland. 

Lyman,  Richard  Pope,  . 

Boston. 

Macdonald,  Frederick  John,  . 

• 

Glenaladale,  Lot  3 
Edward’s  Island, 

Nauss,  Charles  Strum,  . 

Gloucester. 

Plumb,  Frank  Herbert,  . 

Westfield. 

Rogers,  Elliot, 

Allston. 

Smith,  Robert  Hyde, 

Amherst. 

Stockbridge,  Francis  Granger, 

Northfield. 

Stone,  Harlan  Fisk, 

% 

Amherst. 

Taylor,  George  Everett, 

. 

Shelburne. 

Thomson,  Henry  Martin, 

Monterey. 

Tyng,  Charles, 

Victoria,  Texas. 

Tyng,  George  Me  Alpine, 

Victoria,  Texas. 

West,  Homer  Cady, 

. 

Belchertown. 

Willard,  George  Bartlett, 

Waltham. 

Williams,  Milton  Hubbard, 

Sunderland, 

Total,  .... 

Sophomore  Class. 

Baker,  Joseph, 

Dudley. 

Barrus,  Sheridan  Ezra,  . 

Goshen. 

Bartlett,  Fred  Goff, 

Hadley. 

Beals,  Alfred  Tennyson, 

Greenfield. 

Clark,  Henry  Disbrow,  . 

Plainfield. 

Curley,  George  Frederick, 

Upton. 

Davis,  Herbert  Chester, 

Amherst. 

Faneuf,  Arthur  Gelis, 

Amherst. 

Goodrich,  Charles  Augustus,  . 

Hartford,  Conn. 

Green,  Carlton  Dewitt,  . 

Belchertown. 

Gregory,  James  Howard, 

Marblehead. 

Harlow,  Francis  Turner, 

Marshfield. 

Harlow,  Harry  James,  . 

Shrewsbury. 

Harvey,  David  Pierce,*  . 

Townsend  Harbor. 

Hawks,  Ernest  Alfred,  . 

Williamsburg. 

Henderson,  Frank  Howard,  . 

Lynn. 

27 


Died  Sept.  26,  1890,  of  hemorrhagic  typhoid  fever,  at  Townsend  Harbor. 
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Hoyt,  Franklin  Sherman, 

Newtown,  Conn. 

Kellogg,  John  Hawkes,  . 

Hartford,  Conn. 

Knight,  Jewell  Bennett,  . 

Belchertown. 

Lehnert,  Eugene  Hugo,  . 

. 

Clinton. 

Melendy,  Alphonso  Edward,  . 

Sterling. 

Parker,  Charles  Henry,  . 

Holden. 

Pember,  Walter  Stephen, 

Walpole. 

Perry,  John  Richards, 

Boston. 

Ranney,  William  Henry, 

South  Ashfield. 

Sedgwick,  Benjamin, 

Cornwall  Hollow,  Conn. 

Smith,  Cotton  Atwood,  . 

North  Hadley. 

Smith,  Fred  Andrew, 

Lynn. 

Smith,  Luther  Williams, 

Ashfield. 

Soule,  George  Wingate,  . 

West  Dedham. 

Staples,  Henry  Franklin, 

Leominster. 

Tinoco,  Luiz  Antonio  Ferreira, 

Campos,  Rio  Janeiro. 
Brazil. 

Walker,  Edward  Joseph, 

. 

West  Berlin. 

Wells,  Louie  Ensign, 

. 

Palmer. 

Woodbrey,  Gilpin  Brooks, 

Brighton. 

Total,  .... 

. 35 

Freshman  Class. 

Alderman,  Edwin  Hammond, 

Middlefield. 

Allen,  Edward  Welcome, 

Winchester,  N.  H. 

Austin,  John,  .... 

Belchertown. 

Averell,  Fred  Gilbert, 

Amherst. 

Babbitt,  Ell  wood  Garfield, 

Dorchester. 

Bacon,  Linus  Hersey, 

Spencer. 

Bacon,  Theodore  Spalding,  . 

Natick. 

Barker,  Louis  Morton,  . 

Hanson. 

Barton,  Charles  Henry,  . 

Dalton. 

Bentley,  Irving  Watson, 

Hartsville. 

Blanchard,  Samuel  Putnam,  . 

. 

Ayer. 

Boardman,  Edwin  Loring, 

Sheffield. 

Brown,  Charles  Leverett, 

. 

Feeding  Hills. 

Cook,  Jay  Erastus, 

Hadley. 

Curtis,  Arthur  Clement, 

Littleton  Common. 

Cutter,  Arthur  Hardy,  . 

Pelham,  N.  H. 

Davis,  Perley  Elijah, 

W orcester. 

Dickinson,  Eliot  Taylor, 

Amherst. 

Drowme,  George  Leonard, 

Providence,  R.  I. 

Duffield,  William  Charles, 

. 

Quincy  Point. 

Fowler,  Halley  Melville, 

. . 

South  Gardner. 

Fowler,  Henry  Justin,  . 

. 

North  Hadley. 

Gifford,  John  Edwin, 

Brockton. 

Goessmann,  Louis  Edward,  . 

Amherst. 

Goodell,  John  Stanton,  . 

Amherst. 

Greene,  Frederic  Lowell, 

Shrewsbury. 

Greene,  Ira  Charles, 

. . 

Fitchburg. 

Higgins,  Charles  Herbert, 

Dover. 
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Howard,  Edwin  Carleton, 
Johnson,  Charles  Frederic,  . 
Jones,  John  Horace, 

Keith,  Thaddeus  Fayette, 
Kirkland,  Archie  Howard, 
Learned,  Henry  Bond,*  . 
Lewis,  Henry  Waldo, 
Lounsbury,  Charles  Pugsley,  . 
Manley,  Lowell, 

Mann,  Henry  Judson, 

Marvin,  Samuel  Barnard, 
Morse,  Alvertus  Jason,  . 
Morse,  Elisha  Wilson,  . 

Park,  Fred  Ware,  . 

Parker,  Frank  Ingram,  . 
Pomeroy,  Robert  Ferdinand,  . 
Putnam,  Joseph  Harry,  . 
Robbins,  Dana  Watkins, 
Sanderson,  William  Edwin,  . 
Sanford,  George  Otis,  . 
Shepard,  Lucius  Jerry,  . 
Smead,  Horace  Preston, 

Smith,  George  Eli,  . 

Smith,  Ralph  Eliot, 

Spaulding,  Charles  Harrington, 
Starr,  Erastus  Jones, 

Stockwell,  Harry  Griggs, 
Streeter,  Albert  Richmond,  . 
Sullivan,  Maurice  John,  . 
Thompson,  Edmund  Francis, 
Toole,  Stephen  Peter, 

Walker,  Claude  Frederic, 
Whitcomb,  Arthur  Myron, 
White,  Elias  Dewey, 

Total,  .... 


. Wilbraham. 

. Littleton. 

. Pelham. 

. . Fitchburg. 

. . Norwich. 

. . Florence. 

. Rockland. 

. Allston. 

. Brockton. 

. Maplewood. 

. . Richford,  Yt. 

. . Belchertown. 

. Brockton. 

. South  Chelmsford. 

. Pittsfield. 

. . South  Worthington. 

. West  Sutton. 

. Walpole. 

. Hingham. 

. Winchendon. 

. . Oakdale. 

. Greenfield. 

. Sheffield. 

. Newton  Centre. 

. . East  Lexington. 

. Spencer. 

. . Sutton. 

. Cummington. 

. . Amherst. 

. Amherst. 

..  . Amherst. 

. . Amherst. 

. Boxborough. 

. South  Sherborn. 
62 


Resident  Graduates  at  the  College  and  Experiment  Station. 


Castro,  B.  Sc.,  Arthur  de  Moraes  e (Boston 

Univ.), 

Cooley,  B.  Sc.,  Fred  Smith,  . 

Court,  William  Boyce  (Magill  Univ.),  . 
Crocker,  B.  Sc.,  Charles  Stoughton  (Boston 

Univ), 

Flint,  B. Sc.,  Edward Rawson  (BostomUniv.), 
Haskins,  B.  Sc.,  Henry  Darwin  (Boston 

Univ.), 

Jones,  B.  Sc.,  Charles  Howland  (Boston 

Univ.), 

Knapp,  B.  Sc.,  Edward  *Everett  (Boston 
Univ.), 


Juiz  de  Fora,  Minas,  Brazil. 
Sunderland. 

Montreal,  Can. 

Sunderland. 

Littleton. 

North  Amherst. 

Downer’s  Grove,  111. 

Glen  wood. 


* Died  Jan.  3, 1891. 
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Moore,  B.  Sc.,  Robert  Bostwick  (Boston 

Univ.), 

Ono,  B.  Agr.,  Saburo  (Sapporo  Agricultural 

College), 

Parsons,  B.  Sc.,  Wilfred  Atherton, 
Shepardson,  B.  Sc.,  William  Martin  (Boston 

Univ.), 

Smith,  B.  Sc.,  Frederic  Jason  (Boston 

Univ.), 

West,  B.  Sc.,  John  Sherman  (Boston  Univ.), 
Williams,  B.  Sc.,  Frank  Oliver  (Boston 

Univ.), 

Woodbury,  B.  Sc.,  Herbert  Elwell, 

Total, 


Framingham. 

Ono,  Echizen,  Japan. 
Southampton. 

Warwick. 

North  Hadley. 
Belchertown. 

Sunderland. 

Gloucester. 

16 


Summary. 

Resident  Graduates,  .... 

Graduates  of  1890,  .... 

Senior  class, 

Junior  class, 

Sophomore  class, 

Freshman  class, 


16 

20 

20 

27 

35 

62 


Total, 

Counted  twice, 


180 

6 


Total, 


174 


COURSE  OF  STUDY. 

Freshman  Year. 
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TEXT  BOOKS. 

Wood  — “ The  American  Botanist  and  Elorist.” 

Gray  — “ Manual.” 

Long  — “ Ornamental  Gardening.” 

Long  — “ How  to  Make  the  Garden  Pay.” 

Puller  — “ Practical  Forestry.” 

Maynard  — “ Practical  Fruit  Grower.” 

Me  Alpine  — “ How  to  know  Grasses  by  their  Leaves.” 

Fisher  — “ Classbook  of  Elementary  Chemistry.” 

Roscoe — “ Lessons  in  Elementary  Chemistry.” 

Roscoe  and  Schorlemmer — “ Treatise  on  Chemistry.” 

Wills  — “ Tables  for  Qualitative  Chemical  Analysis.” 

Fresenius — “ Qualitative  Chemical  Analysis.” 

Fresenius  — “ Quantitative  Chemical  Analysis.” 

Dana  — “ Manual  of  Mineralogy  and  Lithology.” 

Brush  — “ Manual  of  Determinative  Mineralogy.” 

Wentworth — “ College  Algebra.” 

Dana — “ Mechanics.” 

Wentworth  — “ Plane  and  Solid  Geometry.” 

Carhart — “ Surveying.” 

Warner  — “ Mensuration.” 

Wells — “ Plane  and  Spherical  Trigonometry.” 

Atkinson’s  Ganot’s  Physics. 

Loomis  — “ Meteorology.” 

Porter — “ The  Elements  of  Intellectual  Science.” 

Genung — “ The  Practical  Elements  of  Rhetoric.” 

Walker  — “ Political  Economy,”  abridged  edition. 

Emerson  — “Evolution  of  Expression.” 

Lockwood  — “ Lessons  in  English.” 

Comstock  — “ First  Latin  Book.” 

Caesar  — “ The  Invasion  of  Britain.” 

Whittier,  No.  4;  Longfellow,  Nos.  33,  34,35;  Lowell,  No.  39  — 
“ Riverside  Literature  Series.” 

Sprague — “ Six  Selections  from  Irving’s  Sketch-Book.” 

Hudson  — “Selections  of  Prose  and  Poetry.”  Webster,  Burke,  Addi- 
son, Goldsmith,  Shakespeare. 

Genung  — “ Handbook  of  Rhetorical  Analysis.” 

Whitney — “ French  Grammar.” 

Kellogg ■=— “ English  Literature.” 

White  — “Progressive  Art  Studies.” 

To  give  not  only  a practical  but  a liberal  education  is  the  aim 
in  each  department ; and  the  several  courses  have  been  so  arranged 
as  to  best  subserve  that  end.  Weekly  exercises  in  composition 
and  declamation  are  held  throughout  the  course.  The  instruction 
in  agriculture  and  horticulture  is  both  theoretical  and  practical. 
A certain  amount  of  labor  is  required  of  each  student,  and  the 
lessons  of  the  recitation  room  are  practically  enforced  in  the  garden 
and  field.  Students  are  allowed  to  work  for  wages  during  such 
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leisure  hours  as  are  at  their  disposal.  Under  the  act  by  which 
the  college  was  founded  instruction  in  military  tactics  is  made 
imperative ; and  each  student,  unless  physically  debarred,*  is 
required  to  attend  such  exercises  as  are  prescribed,  under  the 
direction  of  a regular  army  officer  stationed  at  the  college. 


ADMISSION. 

Candidates  for  admission  to  the  freshman  class  are  examined, 
orally  and  in  writing,  upon  the  following  subjects : English 

grammar,  geography,  arithmetic,  algebra,  to  quadratic  equations, 
the  metric  system,  and  the  history  of  the  United  States.  The 
standard  required  is  sixty-five  per  cent,  on  each  paper. 

Candidates  for  higher  standing  are  examined  as  above,  and  also 
in  the  studies  gone  over  by  the  class  to  which  they  may  desire 
admission. 

No  one  can  be  admitted  to  the  college  until  he  is  fifteen  years 
of  age.  Every  applicant  is  required  to  furnish  a certificate  of 
good  character  from  his  late  pastor  or  teacher.  Candidates  are 
requested  to  furnish  the  examining  committee  with  their  standing 
in  the  schools  they  have  last  attended.  The  previous  rank  of 
the  candidate  will  be  considered  in  admitting  him.  The  regular 
examinations  for  admission  are  held  at  the  Botanic  Museum,  at 
nine  o’clock  a.m.,  on  Thursday,  June  18,  and  on  Tuesday, 
September  1 ; but  candidates  may  be  examined  and  admitted  at 
any  other  time  in  the  year.  For  the  accommodation  of  those  living 
in  the  eastern  part  of  the  State,  examinations  will  also  be  held  at 
nine  o’clock  a.m.,  on  Thursday,  June  18,  at  the  office  of  the 
Secretary  of  the  Board  of  Agriculture,  in  the  Commonwealth 
Building,  Boston  ; and,  for  the  accommodation  of  those  in  the 
western  part  of  the  State,  at  the  same  date  and  time,  at  the 
Sedgwick  Institute,  Great  Barrington,  by  James  Bird. 


DEGREES. 

Those  who  complete  the  course  receive  the  degree  of  Bachelor 
of  Science,  the  diploma  being  signed  by  the  Governor  of  Massa- 
chusetts, who  is  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application,  become 
members  of  Boston  University,  and  upon  graduation  receive  its 
diploma  in  addition  to  that  of  the  college,  thereby  becoming  entitled 
to  all  the  privileges  of  its  alumni. 

* * Certificates  of  disability  must  be  procured  from  Dr.  D.  B.  N.  Fish  of  Amherst. 
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EXPENSES. 

Tuition,  in  advance  : — 


Fall  term, $30  00 

Winter  term, 25  00 

Summer  term,  . . . . 25  00 

$80  00 

$80  00 

Boom  rent,  in  advance,  $8.00  to  $16.00  per 
term, 

24  00 

48  00 

Board,  $2.50  to  $5.00  per  week, 

95  00 

190  00 

Fuel,  $5.00  to  $15.00  per  year, 

5 00 

15  00 

Washing,  30  to  60  cents  per  week, 

11  40 

22  80 

Military  suit, 

15  75 

15  75 

Expenses  per  year, 

$231  15 

$371  55 

Board  in  clubs  has  been  two  dollars  and  forty-five  cents  per 
week  ; in  private  families,  four  to  five  dollars.  The  military  suit 
must  be  obtained  immediately  upon  entrance  at  college,  and  used 
in  the  drill  exercises  prescribed.  For  the  use  of  the  laboratory  in 
practical  chemistry  there  will  be  a charge  of  ten  dollars  per  term 
used,  and  also  a charge  of  four  dollars  per  term  for  the  expenses 
of  the  zoological  laboratory.  Some  expense  will  also  be  incurred 
for  lights  and  for  text  books.  Students  whose  homes  are  within 
the  State  of  Massachusetts  can  in  most  cases  obtain  a scholarship 
by  applying  to  the  senator  of  the  district  in  which  they  live. 


THE  LABOR  FUND. 

The  object  of  this  fund  is  to  assist  those  students  who  are 
dependent  either  wholly  or  in  part  on  their  own  exertions  by 
furnishing  them  work  in  the  several  departments  of  the  college. 
The  greatest  opportunity  for  such  work  is  found  in  the  agricultural 
and  horticultural  departments.  Application  should  be  made  to 
Professors  Wm.  P.  Brooks  and  Samuel  T.  Maynard  respectively 
in  charge  of  said  departments.  Students  desiring  to  avail  them- 
selves of  its  benefits  must  bring  a certificate  signed  by  one  of  the 
selectmen  of  the  town  in  which  they  are  resident,  certifying  to  the 
fact  that  they  require  aid. 


ROOMS. 

All  students,  except  those  living  with  parents  or  guardians,  will 
be  required  to  occupy  rooms  in  the  college  dormitories. 

For  the  information  of  those  desiring  to  carpet  their  rooms,  the 
following  measurements  are  given  : In  the  new  south  dorjnitory 
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the  study  rooms  are  about  fifteen  by  fourteen  feet,  with  a recess 
seven  feet  four  inches  by  three  feet ; and  the  bedrooms  are  eleven 
feet  two  inches  by  eight  feet  five  inches.  This  building  is  heated 
by  steam.  In  the  north  dormitory  the  corner  rooms  are  fourteen 
by  fifteen  feet,  and  the  annexed  bedrooms  eight  by  ten  feet.  The 
inside  rooms  are  thirteen  feet  and  one-half  by  fourteen  feet  and 
one-half,  and  the  bedrooms  eight  by  eight  feet.  A coal  stove 
is  furnished  with  each  room.  Aside  from  this  all  rooms  are 
unfurnished.  Mr.  Thomas  Canavan  has  the  general  superintend- 
ence of  the  dormitories,  and  all  correspondence  relative  to  the 
engaging  of  rooms  should  be  with  him. 


SCHOLARSHIPS. 

Established  by  Private  Individuals. 

Mary  Robinson  Fund  of  one  thousand  dollars,  the  bequest  of 
Miss  Mary  Robinson  of  Medfield. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
Whiting  Street,  Esq.,  of  Northampton. 

Henry  Gassett  Fund  of  one  thousand  dollars,  the  bequest  of 
Henry  Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 


CONGRESSIONAL  SCHOLARSHIPS. 

The  trustees  voted  in  January,  1878,  to  establish  one  free 
scholarship  for  each  of  the  congressional  districts  of  the  State. 
Applications  for  such  scholarships  should  be  made  to  the  repre- 
sentative from  the  district  to  which  the  applicant  belongs.  The 
selection  for  these  scholarships  will  be  determined  as  each  member 
of  Congress  may  prefer ; but,  where  several  applications  are  sent 
in  from  the  same  district,  a competitive  examination  would  seem 
to  be  desirable.  Applicants  should  be  good  scholars,  of  vigorous 
constitution,  and  should  enter  college  with  the  intention  of 
remaining  through  the  course,  and  then  engaging  in  some  pursuit 
connected  with  agriculture. 


STATE  SCHOLARSHIPS. 

The  Legislature  of  1883  passed  the  following  Resolve  in  favor 
of  the  Massachusetts  Agricultural  College  : — 

Resolved,  That  there  shall  be  paid  annually,  for  the  term  of  four  years, 
from  the  treasury  of  the  Commonwealth  to  the  treasurer  of  the  Massa- 
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cliusetts  Agricultural  College,  the  sum  of  ten  thousand  dollars,  to  enable 
the  trustees  of  said  college  to  provide,  for  the  students  of  said  institution » 
the  theoretical  and  practical  education  required  by  its  charter  and  the  law 
of  the  United  States  relating  thereto. 

Resolved , That  annually,  for  the  term  of  four  years,  eighty  free  schol- 
arships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Common- 
wealth, after  a competitive  examination,  under  rules  prescribed  by  the 
president  of  the  college,  at  such  time  and  place  as  the  senator  then  in 
office  from  each  district  shall  designate ; and  the  said  scholarships  shall  be 
assigned  equally  to  each  senatorial  district.  But,  if  there  shall  be  less  than 
two  successful  applicants  for  scholarships  from  any  senatorial  district, 
such  scholarships  may  be  distributed  by  the  president  of  the  college 
equally  among  the  other  districts,  as  nearly  as  possible;  but  no  applicant 
shall  be  entitled  to  a scholarship  unless  he  shall  pass  an  examination  in 
accordance  with  the  rules  to  be  established  as  hereinbefore  provided. 

The  Legislature  of  1886  passed  the  following  Resolve,  making 
perpetual  the  scholarships  established  : — 

Resolved , That  annually  the  scholarships  established  by  chapter  forty- 
six  of  the  Resolves  of  the  year  eighteen  hundred  and  eighty-three  be  given 
and  continued  in  accordance  with  the  provisions  of  said  chapter. 

In  accordance  with  these  resolves,  any  one  desiring  admission 
to  the  college  can  apply  to  the  senator  of  his  district  for  a schol- 
arship. Blank  forms  of  application  will  be  furnished  by  the 
president. 

EQUIPMENT. 

Botanical.  Department. 

Botanic  Museum.  — This  contains  the  Knowlton  herbarium, 
consisting  of  over  ten  thousand  species  of  flowering  plants  and 
vascular  cryptogams,  to  which  has  been  added  the  past  season 
several  collections  of  mosses,  lichens  and  fungi ; a collection  of 
models  of  nearly  all  of  the  leading  varieties  of  apples  and  pears ; 
a large  collection  of  specimens  of  wood,  cut  so  as  to  show  their 
individual  structure  ; numerous  models  of  tropical  and  other  fruits  ; 
specimens  of  abnormal  and  peculiar  forms  of  stems,  fruits,  vege- 
tables, etc.  ; many  interesting  specimens  of  unnatural  growths  of 
trees  and  plants,  natural  grafts,  etc.  ; together  with  many  specimens 
and  models,  prepared  for  illustrating  the  growth  and  structure  of 
plants,  and  including  a model  of  the  u giant  squash,”  which  raised 
by  its  expansive  force  the  enormous  weight  of  five  thousand 
pounds. 

The  botanic  lecture  room,  in  the  same  building,  is  provided  with 
diagrams  and  charts  of  over  three  thousand  figures,  illustrating 
structural  and  systematic  botany. 
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The  botanical  laboratory  adjoining  the  lecture  room  has  been 
enlarged  and  improved,  and  is  equipped  with  compound  and 
dissecting  microscopes  and  other  apparatus,  so  that  each  student 
is  enabled  to  dissect  and  study  all  the  parts  of  the  plant,  and  gain 
a knowledge  of  its  structure  that  he  can  get  in  no  other  way.  In 
this  work  and  in  general  structural  botany  the  common  and  useful 
plants  are  used  for  study. 

Coyiservatories.  — The  Durfee  conservatory,  the  gift  of  the  Hon. 
Nathan  Durfee,  contains  a large  collection  of  plants  especially 
adapted  to  illustrate  the  principles  of  structural,  systematic  and 
economic  botany,  together  with  all  the  leading  plants  used  for 
house  culture,  cut  flowers  and  out-door  ornamentation.  Here 
instruction  is  given  in  methods  of  propagation,  cultivation,  train- 
ing, varieties,  etc.,  by  actual  practice,  each  student  being  expected 
to  do  all  the  different  kinds  of  work  in  this  department.  These 
houses  are  open  at  all  times  to  the  public  and  the  students,  who 
may  watch  the  progress  of  growths  and  methods  of  cultivation. 

Two  new  propagating  houses  heated  with  hot  water,  one  with 
the  piping  above  the  benches  and  the  other  with  the  piping  below 
them,  combine  many  illustrations  in  the  way  of  methods  of  build- 
ing, which,  together  with  the  other  green-houses,  afford  an  abun- 
dapt  opportunity  for  the  study  of  green-house  building  and 
heating. 

Fruits. — The  orchards,  of  ten  to  fifteen  acres,  contain  all  the 
standard  varieties  of  apples,  pears,  peaches,  plums,  cherries,  etc., 
in  bearing  condition.  Several  acres  of  small  fruits  are  also  grown 
for  the  markets.  The  vineyard,  of  one  and  one-half  acres,  contains 
from  thirty  to  forty  varieties  of  fully  tested  kinds  of  grapes.  New 
varieties  of  all  the  above  fruits  are  planted  in  experimental  plats, 
where  their  merits  are  fully  tested.  All  varieties  of  fruits,  together 
with  the  ornamental  trees,  shrubs  and  plants,  are  distinctly  labelled, 
so  that  students  and  visitors  may  readily  study  their  character- 
istics. Methods  of  planting,  training,  pruning,  cultivation,  study 
of  varieties,  gathering  and  packing  of  fruits,  etc.,  are  taught  by 
field  exercises,  the  students  doing  a large  part  of  the  work  in  this 
department. 

Nursery.  — This  contains  many  thousand  trees,  shrubs  and  vines 
in  various  stages  of  growth,  where  the  various  methods  of 
propagating  by  cuttings,  layers,  budding,  grafting,  pruning  and 
training  of  young  trees,  are  practically  taught  to  the  students. 

Garden. — All  kinds  of  garden  and  farm-garden  crops  are  grown 
in  this  department  for  market,  furnishing  ample  illustration  of 
the  treatment  of  all  market-garden  crops,  special  attention  being 
given  to  the  selection  of  varieties  and  the  growth  of  seed.  The 
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income  from  the  sales  of  trees,  plants,  flowers,  fruits  and  vegeta- 
bles aids  materially  in  the  support  of  the  department,  and  furnishes 
illustrations  of  the  methods  of  business,  with  which  all  students 
are  expected  to  become  familiar. 

Forestry.  — Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery ; and  plantations  have  been  made  upon  the 
college  grounds  and  upon  private  property  in  the  vicinity,  in 
various  stages  of  growth,  affording  good  examples  of  this  most 
important  subject.  A large  grove  in  all  stages  of  growth  is 
connected  with  this  department,  where  the  methods  of  pruning 
forest  trees  and  the  management  and  preservation  of  forests  can 
be  illustrated. 

Zoological  Department. 

Zoological  Lecture  Room.  — This  room,  in  south  college,  is  well 
adapted  for  lecture  and  recitation  purposes,  and  is  supplied  with  a 
series  of  zoological  charts  prepared  to  order,  also  a set  of  Leuckart’s 
charts,  disarticulated  skeletons,  and  other  apparatus  for  illustrating 
the  lectures  in  the  class-room. 

Zoological  Museum. — This  is  in  immediate  connection  with  the 
lecture  room,  and  contains  the  Massachusetts  State  collection,  which 
comprises  a large  number  of  mounted  mammals  and  birds,  together 
with  a series  of  birds’  nests  and  eggs,  a collection  of  alcoholic 
specimens  of  fishes,  reptiles  and  amphibians,  and  a collection  of 
shells  and  other  invertebrates. 

There  is  also  on  exhibition  in  the  museum  a collection  of 
skeletons  of  our  domestic  and  other  animals,  and  mounted  speci- 
mens purchased  from  Prof.  H.  A.  Ward;  a series  of  glass  models 
of  jelly  fishes,  worms,  etc.,  made  by  Leopold  Blaschka  in  Dresden  ; 
a valuable  collection  of  corals  and  sponges  from  Nassau,  N.  P., 
collected  and  presented  by  Prof.  H.  T.  Fernald  ; a fine  collection 
of  corals,  presented  by  the  Museum  of  Comparative  Zoology  in 
Cambridge  ; a collection  of  alcoholic  specimens  of  invertebrates 
from  the  coast  of  New  England,  presented  by  the  National  Museum 
at  Washington  ; a large  and  rapidly  growing  collection  of  insects 
of  all  orders,  and  a large  series  of  clastique  models  of  various 
animals,  manufactured  in  the  Auzoux  laboratory  in  Paris.  The 
museum  is  now  open  to  the  public  from  3 to  4 p.m.  every  day 
except  Saturday  and  Sunday. 

Zoological  Laboratory. — A large  room  in  the  laboratory  build- 
ing has  been  fitted  up  for  a zoological  laboratory,  with  tables,  sink, 
gas,  etc.,  and  is  supplied  with  a reference  library,  microscopes, 
chemical  and  other  necessary  apparatus  for  work.  This  laboratory 
with  its  equipment  is  undoubtedly  the  most  valuable  appliance  for 
instruction  in  the  department  of  zoology. 
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Mathematical  Department. 

The  instruction  embraces  pure  mathematics,  civil  engineering, 
mechanics  and  physics.  For  civil  engineering  there  is  an  Eckhold’s 
omnimeter,  a solar  compass,  an  engineer’s  transit,  a surveyor’s 
transit,  two  common  compasses,  two  levels,  a sextant,  four  chains, 
three  levelling  rods,  and  such  other  incidental  apparatus  as  is 
necessary  for  practical  field  work.  For  mechanics  there  is  a full 
set  of  mechanical  powers,  and  a good  collection  of  apparatus  for 
illustration  in  hydrostatics,  hydro-dynamics  and  pneumatics.  For 
physics  the  apparatus  is  amply  sufficient  for  illustrating  the  general 
principles  of  sound,  heat,  light  and  electricity.  Adjacent  to  the 
commodious  lecture  room  are  a battery  room  and  the  physical 
cabinet,  to  which  latter  has  been  lately  added  much  valuable 
apparatus. 

Chemical  Department. 

This  department  has  charge  of  instruction  in  general,  agricult- 
ural and  analytical  chemistry,  and,  at  present,  of  that  in  mineral- 
ogy and  chemical  geology.  For  demonstration  and  practical  work 
in  these  subjects  the  department  is  equipped  as  follows  : — 

For  general  chemistry  the  lecture  room  contains  a series  of 
thirty  wall  charts,  illustrative  of  chemical  processes  on  the  large 
scale ; a series  of  seven  wall  charts,  showing  the  composition  of 
food  materials ; and  a collection  of  apparatus  for  demonstration 
on  the  lecture  table.  For  agricultural  chemistry  there  is  on  hand 
a good  typical  collection  of  raw  and  manufactured  materials, 
illustrating  fertilization  of  crops  and  the  manufacture  of  fertilizers  ; 
a partial  collection  of  grains  and  other  articles  of  foods,  and  of 
their  proximate  constituents.  For  analytical  chemistry  there  is  a 
laboratory  for  beginners,  in  a capacious  room,  well  lighted  and 
ventilated,  and  furnished  with  fifty-two  working  tables,  each  table 
being  provided  with  sets  of  reagents,  wet  and  dry,  a fume  chamber, 
water,  gas,  drawer  and  locker,  the  whole  arranged  on  an  improved 
plan  ; a laboratory  for  advanced  students,  with  eight  tables,  and 
provided  with  gas,  water,  fume  chambers,  drying  baths,  furnaces, 
two  Becker  analytical  balances,  and  incidental  apparatus.  Both 
laboratories  are  supplied  with  collections  of  natural  and  artificial 
products  used  in  analytical  practice.  For  instruction  in  mineralogy 
use  is  made  of  the  larger  chemical  laboratory.  A small  collection 
of  cabinet  specimens,  and  a collection  of  rough  specimens  for 
work  in  determinative  mineralogy,  serve  for  practical  study.  For 
instruction  in  chemical  geology,  the  laboratory  possesses  a collec- 
tion of  typical  cabinet  specimens. 
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Library. 

This  now  numbers  ten  thousand  volumes,  having  been  increased 
during  the  year,  by  gift  and  purchase,  eight  hundred  and  forty 
volumes.  It  is  placed  in  the  lower  hall  of  the  new  chapel-library 
building,  and  is  made  available  to  the  general  student  for  reference 
or  investigation.  It  is  especially  valuable  as  a library  of  reference, 
and  no  pains  will  be  spared  to  make  it  complete  in  the  departments 
of  agriculture,  horticulture  and  botany,  and  the  natural  sciences. 
It  is  open  a portion  of  each  day  for  consultation,  and  an  hour 
every  evening  for  the  drawing  of  books. 


PRIZES. 

Rhetorical  Prizes. 

The  prizes  heretofore  offered  by  Isaac  D.  Farnsworth,  Esq., 
will  this  year  be  given  by-  Hiram  Kendall,  of  the  class  of  1876. 
These  prizes  are  awarded  for  excellence  in  declamation,  and  are 
open  to  competition,  under  certain  restrictions,  to  members  of  the 
sophomore  and  freshman  classes. 

Military  Prize. 

A prize  of  fifteen  dollars  for  the  best  essay  on  some  military 
subject  is  offered  this  year  to  the  graduating  class  by  William  H. 
Bowker,  *71,  and  John  C.  Cutter,  ’72. 

Grinnell  Agricultural  Prizes. 

Hon.  William  Claflin  of  Boston  has  given  the  sum  of  one  thou- 
sand dollars  for  the  endowment  of  a first  and  second  prize,  to  be 
called  the  Grinnell  Agricultural  Prizes,  in  honor  of  George  B. 
Grinnell,  Esq.,  of  New  York.  These  two  prizes  are  to  be  paid  in 
cash  to  those  two  members  of  the  graduating  class  who  may  pass 
the  best  oral  and  written  examination  in  theoretical  and  practical 
agriculture. 

Hills  Botanical  Prizes. 

For  the  best  herbarium  collected  by  a member  of  the  class  of 
1891  a prize  of  fifteen  dollars  is  offered,  and  for  the  second  best  a 
prize  of  ten  dollars  ; also  a prize  of  five  dollars  for  the  best  collec- 
tion of  woods,  and  a prize  of  five  dollars  for  the  best  collection  of 
dried  plants  from  the  college  farm. 

The  prizes  in  1890  were  awarded  as  follows  : — 

Kendall  Rhetorical  Prizes  — Charles  Tyng  (1892),  1st;  George 
E.  Taylor  (1892),  2d;  Walter  S.  Pember  (1893),  1st;  David  P. 
Harvey  (1893),  2d. 
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Grinnell  Agricultural  Prizes  — George  B.  Simonds  (1890),  1st; 
John  S.  Loring  (1890),  2d. 

Hills  Botanical  Prizes  — Edgar  Gregory  (1890) , 1st ; Truman  P. 
Felton  (1890),  2d;  Collection  of  Native  Woods  — Arthur  N. 
Stowe  (1890). 

West  Point  Prize — Henry  J.  Field  (1891). 


RELIGIOUS  SERVICES. 

Students  are  required  to  attend  prayers  every  week-day  at  8.15 
a.m.  and  public  worship  in  the  chapel  every  Sunday  at  10.30 
a.m.,  unless,  by  request  of  their  parents,  arrangements  are  made 
to  attend  divine  service  elsewhere.  Further  opportunities  for 
moral  and  religious  culture  are  afforded  by  a Bible  class  taught  at 
the  close  of  the  Sunday  morning  service,  and  by  religious  meetings 
held  on  Sunday  afternoon  and  during  the  wreek,  under  the  auspices 
of  the  Young  Men’s  Christian  Union. 


LOCATION. 

Amherst  is  on  the  New  London  Northern  Railroad,  connecting 
at  Palmer  with  the  Boston  & Albany  Railroad,  and  at  Miller’s 
Falls  with  the  Fitchburg  Railroad.  It  is  also  on  the  Central 
Massachusetts  Railroad,  connecting  at  Northampton  with  the 
Connecticut  River  Railroad  and  with  the  New  Haven  & Northamp- 
ton Railroad. 

The  college  buildings  are  on  a healthful  site,  commanding 
one  of  the  finest  views  in  New  England.  The  large  farm  of 
three  hundred  and  eighty-three  acres,  with  its  varied  surface  and 
native  forests,  gives  the  student  the  freedom  and  quiet  of  a country 
home. 
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Massachusetts  Agricultural  College, 
Amherst,  Jan.  14,  1892. 

To  the  Honorable  Senate  and  House  of  Representatives. 

I have  the  honor  to  transmit  herewith  to  your  honorable 
body  the  Twenty-ninth  Annual  Report  of  the  Trustees  of 
the  Massachusetts  Agricultural  College. 

I am,  very  respectfully, 

Your  obedient  servant, 

CHARLES  H.  FERNALD, 

Acting  President. 
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ANNUAL  REPOET  OF  THE  TRUSTEES 


OF  THE 

MASSACHUSETTS  AGRICULTURAL  COLLEGE. 


To  the  Honorable  Senate  and  House  of  Representatives. 

During  the  past  year  the  college  has  been  very  prosperous, 
though  no  great  changes  have  occurred.  President  Goodell 
has  been  ill  because  of  overwork,  and  was  granted  a leave  of 
absence  during  the  fall  term,  which  was  spent  in  Europe.  His 
duties  were  assigned  to  me  during  his  absence,  and  it  is  but 
just  to  say  that  the  success  of  the  fall  term  is  due  to  the  excellent 
condition  in  which  he  left  the  college,  and  to  the  hearty  co-opera- 
tion and  assistance  of  the  members  of  the  faculty. 

A fine  class  of  forty-three  students  was  admitted  in  Septem- 
ber, making  the  whole  number  now  in  college  larger  than  at 
any  previous  time  in  the  history  of  the  institution.  This  gradual 
growth  during  several  years  past  is  undoubtedly  due  to  several 
causes  : first,  the  able  administration  of  the  college  ; secondly, 
the  efficient  corps  of  teachers  associated  in  its  management ; 
thirdly,  the  higher  standard  of  scholarship  required  for  admis- 
sion, and  for  promotion  from  one  class  to  another;  fourthly,  the 
better  and  fuller  knowledge  of  the  college  and  its  aims  and  pur- 
poses by  the  citizens  of  the  Commonwealth ; and,  lastly,  the 
encouragement  offered  by  the  provisions  of  the  labor  fund. 

This  higher  grade  of  scholarship  which  the  institution  now 
maintains  will  be  a source  of  satisfaction  to  the  graduates  of  the 
college,  since  it  will  prove  an  excellent  recommendation  for 
them  when  seeking  situations,  and  will  result  in  a far  better 
preparation  for  agricultural  pursuits.  It  is  not  the  wish  or 
purpose  to  crowd  the  dull  or  slow  students  out  of  college, 
provided  they  are  faithful  and  accomplish  all  they  are  able  ; 
but  it  is  the  express  purpose  to  compel  the  indolent  and 
negligent  to  do  good  work  or  to  leave. 
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The  Labor  Fund. 

I desire  once  more  to  call  attention  to  the  good  results  of  this 
most  wise  provision  of  the  General  Court  of  1889.  Permanent 
improvements  have  been  made  on  the  farm,  and  work  has  been 
carried  on  in  the  horticultural  department  that  it  would  not 
have  been  possible  to  undertake  in  any  other  way.  It  has  given 
the  opportunity  to  every  young  man  of  limited  means  to  secure 
an  education  by  his  own  individual  efforts,  and  the  opportunity 
has  been  eagerly  embraced.  To  this  cause  perhaps  more  than 
to  any  other  may  be  assigned  the  increased  numbers  that  have 
come  to  the  college  during  the  past  three  years.  It  is  no 
charity,  for  it  returns  to  the  State  twofold  for  every  dollar 
expended,  — first  in  the  increased  value  of  its  property,  and 
second  in  the  education  and  training  up  of  young  men  to  be 
good  and  faithful  citizens.  The  fund  has  been  administered 
with  great  care.  Those  desiring  to  enjoy  its  benefits  have  been 
required  to  bring  a certificate  from  some  responsible  fellow- 
townsman,  certifying  to  the  fact  that  it  was  necessary  for  them 
to  work  in  order  to  gain  an  education.  During  the  past  year 
over  $6,600  has  been  expended  for  labor  thus  performed.  This 
has  been  distributed  among  one  hundred  and  twenty  students. 
The  average  amount  earned  has  been  from  fifty  to  sixty  dollars, 
while  the  largest  amount  earned  by  any  single  individual  has 
been  one  hundred  and  fifty  dollars.  The  labor  and  maintenance 
fund  created  by  chapter  12  of  the  Resolves  of  1889  expires 
with  the  present  year,  and  it  is  asked  for  a continuance  of  the 
same,  and  that  the  appropriation  be  made  perpetual. 

Report  on  the  Horticultural  Department. 

The  horticultural  industry  of  the  State  is  of  the  greatest 
importance,  and  is  steadily  increasing  in  amount  and  value. 
The  necessities  of  this  department  of  the  college  are  pressing, 
and  it  is  asked  that  $8,000  may  be  appropriated  for  the  follow- 
ing purposes,  to  wit : the  rebuilding  of  the  Durfee  plant  house, 
and  the  erection  of  a rose  house,  vegetable  house  and  cold 
grapery  in  connection  therewith,  at  a cost  not  to  exceed  $6,000  ; 
and  the  building  and  equipping  of  a tool  house  at  a cost  not 
to  exceed  $2,000.  The  report  on  this  department,  by  Prof. 
S.  T.  Maynard,  explains  more  in  detail  its  needs,  and  the 
permanent  improvements  it  is  hoped  will  be  made. 


1892.] 


PUBLIC  DOCUMENT  — No.  31. 


9 


The  horticultural  department  of  the  college  has  had  a fairly  pros- 
perous year  financially.  The  crops  have  been  abundant  and  of  the 
best  quality,  but  prices  have  ruled  low. 

For  the  first  time  in  the  past  ten  years  the  peach  orchard  has 
borne  an  abundant  crop,  and  many  new  varieties  have  fruited  for 
the  first  time,  enabling  us  to  determine  something  of  the  comparative 
value  of  such  varieties  for  this  locality. 

The  land  assigned  for  orchard  purposes  has  now  all  been  planted, 
in  many  cases  too  closely  for  the  best  results  ; and  more  land  is 
needed,  if  the  work  of  testing  all  of  the  promising  new  varieties  be 
continued. 

The  ornamental  trees  and  shrubs,  planted  in  many  cases  for  imme- 
diate effect,  are  in  some  places  becoming  too  crowded  for  the  best 
permanent  growth,  and  will  soon  require  heroic  thinning  or  re- 
arrangement. 

In  the  botanic  museum  new  cases  have  been  placed  for  the  speci- 
mens of  plant  growth,  fruit  models,  etc.,  that  have  been  accumulat- 
ing during  the  past  few  years,  and  soon  these  collections  will  be  ar- 
ranged and  properly  labelled. 

During  the  past  season  nearly  2,000  species  of  fungi  have  been 
added  to  the  collection  by  purchase,  and  these  will  soon  be  arranged 
in  the  herbanium  for  reference  and  study. 

The  enlargement  of  the  botanic  laboratory,  completed  last  season, 
has  assisted  much  in  the  efficiency  of  the  study  of  structural  and 
physiological  botany,  but  more  apparatus  is  needed  to  complete  it. 

The  botanic  museum,  stable,  and  other  buildings  connected  with 
the  department  are  in  sad  need  of  painting  to  prevent  rapid  decay. 

In  making  plans  for  the  greater  efficiency  of  the  work  of  the  botanic 
and  horticultural  department,  after  a careful  investigation  by  a com- 
mittee of  the  trustees  of  the  college,  it  was  decided  that  the  urgent 
needs  of  the  department  are  as  follows  : — 

Rebuilding  of  the  Durfee  plant  house  on  an  improved  plan,  and 
replacing  the  old  system  of  heating  with  four-inch  pipes  by  the  more 
modern  system  of  steam,  or  hot  water  under  pressure.  Also  build- 
ing arose  house,  cold  grapery  and  a vegetable  house.  This  will  re- 
quire the  expenditure  of  at  least  $6,000. 

A tool-house,  containing  a work-room,  carpenter’s  shop,  a room 
with  a forge  and  anvil,  a store  room  and  open  sheds,  is  a necessity, 
as  at  the  present  time  tools  are  stored  in  at  least  four  different 
places,  and  the  work  of  repairing  must  be  done  in  the  cold  or  in  the 
work-rooms  of  the  greenhouses.  Such  a building,  with  its  equipment, 
will  cost  $2,000. 

The  draining  of  the  garden  land  south  of  the  Durfee  plant  house, 
which  is  too  wet  for  profitable  cultivation  except  in  a very  dry  sea- 
son, ought  to  be  undertaken  at  the  very  earliest  opportunity. 
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To  put  the  orchards  and  fruit  plantations,  the  ornamental  trees 
and  plants,  and  the  garden  land,  in  proper  condition  for  the  best  re- 
sults, a large  amount  of  fertilizers  and  manures  is  required. 

Lastly,  it  has  been  planned  to  devote  the  hillside  on  the  south- 
eastern part  of  the  grounds  to  the  growth  of  all  the  trees,  plants  and 
shrubs,  indigenous  to  Massachusetts,  under  the  name  of  the  Massa- 
chusetts Garden.  To  put  the  land  in  proper  condition  for  planting 
will  require  a considerable  outlay  of  time  and  money.  Aside  from 
the  beautifying  of  the  State  grounds,  this  will  prove  of  great  profit 
and  interest  to  all  visiting  the  college,  and  of  invaluable  assistance 
in  the  study  of  botany. 


Report  of  Agricultural  Department. 

The  work  in  this  department  has  been  of  the  same  general 
character  as  in  the  years  preceding.  Permanent  improvements 
have  been  steadily  carried  forward.  Stumps  have  been  pulled, 
fresh  ground  broken  up  and  subdued,  five  thousand  feet  of  tile 
drains  laid,  and  thirty-five  acres  ploughed  and  prepared  for  the 
planting  of  corn  in  the  spring.  In  the  report  of  Professor 
Brooks,  herewith  submitted,  I would  call  attention  to  an  inter- 
esting comparison  of  “ Soiling  versus  Pasturage,”  and  an 
“ Account  with  Twenty  Grade  Cows.” 


Farm  Report. 

The  past  year  has  been  one  of  general  prosperity  upon  the  farm. 
The  area  under  cultivation  has  been  larger  than  in  any  recent  year, 
and  it  is  believed  to  have  been  larger  than  in  any  previous  year  since 
the  reduction  in  the  area  under  farm  management  by  the  setting 
apart  of  grounds  for  the  horticultural  and  experimental  departments. 
This  increase  in  area  under  hoed  crops  has  been  made  possible  by 
the  gradual  reclamation  of  the  old  pastures,  the  drainage  of  con- 
siderable tracts  heretofore  too  wet  for  profitable  cultivation,  and  the 
substitution  of  soiling  crops  instead  of  pasturage  for  the  summer 
food  of  our  milch  cows.  As  a result,  the  aggregate  value  of  the 
farm  products  has  been  largely  increased.  For  this  season,  the 
total  amounts  to  $5,525,  exclusive  of  the  crops  used  for  soiling, 
which  furnished  green  fodder  for  an  average  of  thirty-two  cows  for 
five  months,  and  must  have  been  worth  about  $585.  Our  crops  for 
last  year  were  worth  $4,457,  in  round  numbers,  and  besides  we 
pastured  an  average  of  about  twenty  cows.  The  products  of  this 
year,  then,  exceed  in  value  those  of  last  season  by  not  less  than 
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$1,200.  Our  sales  have  also  been  largely  increased.  The  principal 
items  in  round  numbers  are  : — 


Milk,  cream  and  fat  calves, $2,826 

Beef, 100 

Hay, 338 

Lambs,  wool  and  mutton, 225 

Potatoes, 614 

Pigs  and  fat  hogs, 300 


Total, $4,403 


Similar  sales  for  last  year  aggregated  $3,551.  The  squash  crop 
for  this  year  ( a large  one  ) is  still  for  the  most  part  unsold.  This 
crop  was  included  in  last  year’s  aggregate  of  sales,  and  it  is 
expected  that  the  sales  of  this  year  will  exceed  those  of  last  by  fully 
$1,000. 

The  number  of  acres  in  the  ordinary  crops  of  the  farm  was  as 
follows:  hay,  75  ; field  corn,  14;  silage  corn,  10;  potatoes,  10; 
mangels,  2J  ; Swedes,  J ; carrots,  J ; English  turnips,  1 ; squashes, 

3 ; and  rye,  3.  Besides  these,  we  had  soiling  crops  as  follows  : rye, 
5 acres  ; clover,  1 acre  ; oats  and  vetches,  2 acres ; grass,  3 acres  ; 
fodder  corn,  8 acres  ; oats  and  peas,  4 acres ; and  barley  and  peas, 

4 acres,  — a total  of  146J  acres  ; or,  deducting  land  which  produced 
two  crops,  137J  acres.  Most  of  our  crops  have  been  good  and  a 
number  of  them  exceptionally  so,  although  I confidently  anticipate 
improvement  in  the  future,  as  the  newly  reclaimed  land  which 
comprises  more  than  one-half  of  our  cultivable  area  is  being 
gradually  brought  into  better  condition  by  drainage,  cultivation  and 
manuring. 

Hay. — The  early  spring  months  were  unusually  dry,  the  rainfall 
amounting  to  but  1.82  inches  in  May,  while  the  average  for  that 
montli  for  the  past  fifteen  years  has  been  3.41  inches.  The  effect 
was  serious  upon  our  old  fields,  and  our  crop  was  but  about  two- 
thirds  what  we  usually  obtain.  It  was  secured  in  splendid  order, 
the  first  crop  being  all  cut  before  July  4,  and  amounting  to  140 
tons.  The  second  crop,  also  secured  in  good  order,  amounted  to 
40  tons,  making  a total  of  180  tons,  or  about  two  and  two-fifths 
tons  per  acre. 

Field  Corn.  — The  fourteen  acres  in  this  crop  consist  for  the  most 
part  of  a rather  heavy  loam.  It  had  been  in  grass  without  manure 
for  two  years,  and  was  full  of  sorrel.  It  was  ploughed  in  the  early 
fall  of  last  year,  manured  broadcast  at  the  rate  of  five  cords  per  acre 
in  spring,  and  thoroughly  prepared  for  seed  by  wheel-harrowing.  In 
addition  to  the  manure,  we  used  per  acre  : muriate  of  potash,  140 
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pounds  ; dried  blood,  70  pounds  ; bone-meal,  45  pounds  ; nitrate  of 
soda,  60  pounds  ; and  superphosphate,  85  pounds.  Three-fourths 
of  the  mixed  fertilizers  were  applied  broadcast  and  harrowed  in  ; the 
balance  was  put  in  the  drill.  Sibley’s  Pride  of  the  North  was  the 
variety  of  corn  selected,  and  both  seed  and  fertilizer  were  very  satis- 
factorily put  in  with  the  Eclipse  corn  planter.  The  crop  was  thinned 
to  about  ten  inches  in  the  drills,  which  were  three  and  one-half  feet 
apart.  Very  little  hand  work  was  employed  in  cultivation.  The 
yield  and  financial  standing  are  shown  below  : — 


700  bushels  shelled  corn,  at  70  cents,  . 

. $490  00 

30  tons  stover,  at  $7, 

. 210  00 

$700  00 

Manure,  70  cords,  at  $4  (one-half  cost), 

. $140  00 

Fertilizer  (three-fourths  cost), 

. 81  00 

Labor, 

. 271  00 

492  00 

Balance  in  favor  of  crop,  .... 

$208  00 

Silage  Corn.  — This  crop  occupied  ten  acres  of  our  best  corn  land. 
The  preceding  year  it  had  been  occupied  by  rye,  corn,  mangels, 
potatoes,  Swedes,  and  carrots.  The  rye  (about  one  half  the  whole) 
received  no  manure,  but  the  balance  was  all  similarly  and  well 
manured.  The  corn  following  corn  the  year  before  was  best,  and 
next  in  quality  ranked  the  crop  after  rye,  potatoes,  mangels,  carrots 
and  Swedes  in  the  order  named,  thus  indicating  the  exhausting  na- 
ture of  the  root  crops.  This  was  especially  marked  in  the  case  of 
the  Swedes,  after  which  the  corn  of  this  year  was  light,  although 
the  root  crop  of  the  preceding  year  was  abundantly  manured  and 
was  not  an  unusually  heavy  one.  All  this  land  was  ploughed  late  in 
the  fall  of  last  year,  manured  at  the  rate  of  six  cords  to  the  acre 
during  winter,  reploughed  this  spring,  and  the  fertilizer  spread  broad- 
cast and  harrowed  in.  We  applied  per  acre,  in  addition  to  the 
manure  : fish  guano,  150  pounds  ; nitrate  of  soda,  100  pounds  ; and  , 
muriate  of  potash,  150  pounds. 

The  yield  and  financial  standing  are  as  follows  : — 


Silage,  140  tons,  at  $4, $560  00 

Shelled  corn,  30  bushels,  at  70  cents,  . . 21  00 

Stover,  2 tons,  at  $7, 14  00 

$595  00 

One-half  manure  used, $120  00 

Fertilizer  (three-fourths  cost),  . . . 56  25 

Labor, 251  50 

427  75 

Balance  in  favor  of  crop,  .....  $167  25 
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In  view  of  the  apparently  small  profit  upon  this  crop,  as  compared 
with  that  upon  the  considerably  poorer  crop  of  field  corn,  I must 
again  express  my  conviction  that  the  customary  valuation  of  $4.00 
per  ton  for  silage  is  too  low  for  an  article  which  contains  so  much 
grain  as  does  that  which  we  produce. 

For  substantiation  of  the  correctness  of  this  view  I am  able  to  refer 
to  the  results  of  careful  experiments  made  at  the  Wisconsin  Agricul- 
tural Experiment  Station,  which  showed  that  the  loss  of  dry  matter 
in  the  curing  of  fodder  corn  in  the  field  was  a little  greater  even  than 
the  loss  in  the  silo-  Experiments  at  the  same  station  have  shown 
that  for  milch  cows  the  feeding  value  of  the  dry  matter  in  silage  and 
in  dry  corn  fodder  is  practically  equal.  In  some  experiments  the 
silage  and  in  others  the  fodder  has  shown  a slight  superiority. 

That  part  of  our  field  of  corn  put  into  the  silos  ( 140  tons),  if 
stooked  and  husked,  must  have  yielded  us  about  600  bushels  of 
shelled  grain  and  32  tons  of  well-dried  stover,  which,  at  current 
prices,  would  have  been  worth  $644.  I have  no  doubt  we  have  an 
equal  value  in  the  silos,  which  would  make  our  silage  worth  $4,60 
per  ton,  instead  of  $4.00,  as  figured. 

The  fact  that  our  field  furnished  a surplus  above  the  amount 
needed  to  fill  our  silos  was  taken  advantage  of  to  determine  approxi- 
mately the  relative  cost  of  ensiling  corn  and  of  harvesting  in  the 
ordinary  way.  We  cut  the  fodder  for  the  silo  this  year  into  three- 
fourths-inch  lengths,  using  a machine  a little  too  light  for  our  power, 
and  were  hindered  by  frequent  breakages,  which  considerably 
increased  the  cost ; and  yet  the  actual  cost  of  cutting  in  the  field, 
hauling,  and  cutting  into  the  silo,  was  but  80  cents  per  ton.  Our 
crop  averaged  about  fifteen  tons  per  acre,  and  the  cost  of  ensiling 
was,  therefore,  $12  per  acre.  Such  a crop  will  yield  150  baskets  of 
ears  and  about  4 tons  of  stover  to  the  acre  ; and  with  us  the  cost 
of  cutting  and  stooking,  husking  and  putting  the  corn  into  the  crib 
and  the  stover  into  the  barn  amounts  to  not  less  than  $13  per  acre. 
The  difference  between  the  two  systems,  then,  is  not  one  of  cost  of 
handling ; and  which  is  the  better  means  of  utilizing  the  crop  must 
depend  chiefly  upon  the  relative  food  value  of  the  product  secured 
under  these  different  methods.  In  the  one  case  we  have  grain  on 
the  ear  and  dry  stover  ; in  the  other  a succulent  mixture  of  grain 
and  stalks,  which,  it  is  true,  has  lost  something  by  fermentation. 
It  is  difficult  or  impossible  to  make  well-fed  stock  consume  all  of 
the  dry  stover,  and  there  is  always  considerable  waste,  while  silage  is 
eaten  up  clean  by  most  animals.  I am  convinced  that  the  ordinary 
waste  of  stover  more  than  equals  the  loss  by  fermentation  in  the 
silo;  and,  when  it  is  further  considered  that,  before  stover  and 
grain  can  be  profitably  fed,  the  former  must  be  cut  into  short  lengths 
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or  shredded  and  the  latter  shelled  and  ground,  the  superior  economy 
of  ensiling  corn  over  husking  and  handling  in  the  ordinary  way 
must  be  evident. 

Another  advantage  incident  to  the  practice  of  ensilage  rather  than 
stooking  and  husking  is  found  in  connection  with  laying  down 
the  land  to  grass.  When  the  grass  seeds  are  sown  in  July  or 
August  in  the  standing  corn,  which  is  the  common  practice  here,  and 
the  corn  is  stooked  and  husked  in  the  ordinary  way,  the  grass  has  a 
much  poorer  chance  than  when  the  corn  is  cut  and  at  once  carted 
away  for  the  silo.  Where  each  stook  has  stood  is  found  a spot  where 
the  grass  is  killed.  If,  as  is  also  not  uncommon,  it  be  desired  to  fol- 
lowT  corn  with  rye,  the  prompt  clearing  of  the  field  for  the  silo  is  a 
great  advantage. 

Potatoes.  — Ten  acres  of  medium  loam  of  alluvial  origin  just  north 
of  the  “ ravine  ” were  planted  to  this  crop.  The  land  had  been  used 
for  a pasture  for  some  five  or  six  years.  It  was  ploughed  in  the  fall, 
and  prepared  for  seed  by  thorough  wheel-harrowing  in  early  spring. 
No  manure  was  used  ; but  fertilizers,  one-half  harrowed  in  and  one- 
half  in  the  drill,  were  employed  at  the  following  rates  per  acre  : fish 
guano,  250  pounds ; superphosphate,  85  pounds ; bone  meal  125 
pounds  ; muriate  of  potash,  165  pounds. 

We  were  ready  to  begin  planting  April  5,  but  a heavy  snow-fall, 
amounting  to  rather  over  a foot,  delayed  operations  ten  days.  The 
seed  which  had  been  cut  suffered  seriously  by  the  delay,  and  fully 
one-fourth  of  it  failed  to  grow.  The  crop  was  from  this  cause 
lighter  than  we  had  expected  ; but  it  was  of  splendid  quality.  It 
was  sold  in  Boston,  and  brought  from  forty  to  fifty  cents  per  bushel, 
from  which  freights  and  commission  must  be  deducted.  Financial 
results : — 


Potatoes  (net  proceeds  of  sales), 
Three-fourths  fertilizers  used, 
Labor  in  raising  and  marketing, 


§570  78 

§100  25 
297  75 

398  00 


Balance  in  favor  of  crop, §172  78 

Carrots.  — This  crop  occupied  one-half  acre  of  good  land,  but, 
requiring  to  be  replanted,  the  seed  was  got  in  so  late  that  the  crop 
was  small.  It  amounted  to  only  125  bushels  of  roots,  which  will 
hardly  repay  the  cost  of  the  labor.  The  soil  received  a good 
dressing  of  manure  and  a liberal  application  of  mixed  fertilizers. 


Swedes.  — Area  in  crop,  on6-half  acre  of  medium  loam.  This  was 
ploughed  in  the  fall,  manured  during  winter  at  the  rate  of  seven  cords 
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per  acre.  It  was  reploughed  in  the  spring,  the  fertilizer  spread 
broadcast  and  thoroughly  harrowed  in.  The  seed  was  planted  July 
1,  and  the  crop  made  a magnificent  growth  of  tops,  but  the  develop- 
ment of  the  roots  was  not  satisfactory.  Many  were  hollow,  and  not 
a few  rotted.  The  fertilizers  used  per  acre  were  as  follows  : nitrate 
of  soda,  150  pounds;  muriate  of  potash,  150  pounds;  superphos- 


phate,  100  pounds.  Financial  standing  : — 

Swedish  turnips,  12  tons,  at  $1,  . 

One-half  manure  used,  .... 

$7  00 

$48  00 

Fertilizer  (three-fourths  cost), 

5 00 

Labor, . 

28  00 

40  00 

Balance  in  favor  of  crop, 

. ' 

$8  00 

Beets. — The  land  selected  for  this  crop,  two  and  one-half  acres,  was 
similar  to  that  on  which  the  Swedes  were  grown,  and  it  was  similarly 
prepared  and  received  equal  amounts  of  manure  and  fertilizers.  One 
acre  of  this  land  was  in  squas^s  and  one  acre  in  popcorn,  the 
balance  in  potatoes  in  1890.  The  preparation  of  the  soil  for  plant- 
ing was  very  thorough,  the  germination  of  the  seed  satisfactory,  and 
the  conditions  for  growth  throughout  the  season  highly  favorable. 
The  result  was  a remarkably  fine  crop.  The  yield  and  financial 
results  are  shown  below  : — 


106  tons  beets,  at  $4, $424  00 

Manure  (one-half  value),  ....  $36  00 

Fertilizer  (three-fourths  cost),  . . . 19  00 

Labor,  . 115  00 

170  00 

Balance  in  favor  of  crop, $254  00 


The  varieties  raised  were  Lane’s  American  sugar  beet,  and  Carter’s 
orange  globe  mangel. 

An  experiment  was  made  upon  this  crop,  to  test  the  efficacy  of 
common  salt  as  a fertilizer.  The  land  was  divided  transversely  into 
half-acre  strips,  and  coarse  salt  at  the  rate  of  two  hundred  pounds 
per  acre  was  sown  broadcast,  soon  after  the  seed  was  planted,  upon 
three  of  these  sections.  The  beneficial  effect  of  the  salt  was  appar- 
ent throughout  the  season,  but  the  actual  gain  in  yield  was  not  large. 
It  amounted  to  two  and  one-half  tons  per  acre,  which  is  sufficient  to 
repay  the  cost  of  application  some  five  or  six  times  over.  The  ben- 
efit from  the  use  of  salt  for  this  crop  would  undoubtedly  be  yet  more 
striking  in  cases  where  such  fertilizers  as  muriate  of  potash  are  not 
employed  ; for  the  hydrochloric  acid  in  this  must  have  a similar 
effect  in  unlocking  plant  food  to  that  resulting  from  the  action  of  the 
same  acid  in  the  salt. 
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• Squashes. — Three  acres  of  warm,  medium  loam,  north  of  the 
“ ravine,”  were  planted  with  this  crop,  about  one-fifth  with  Hubbard 
and  the  balance  with  Essex  hybrid  seed.  Upon  one  acre  potatoes 
also  were  planted,  every  third  row  being  left  out  for  the  squashes. 
The  results  of  this  method  of  planting  were  on  the  whole  satisfactory. 
If  potatoes  of  an  early  variety  are  planted  in  good  season,  they  finish 
their  growth  before  the  squashes  require  the  land.  The  land  in  this 
crop  received  a heavy  broadcast  application  of  material  from  the 
ruins  of  the  Hatch  barn,  which  was  destroyed  by  fire  April  5.  This 
barn  contained  a considerable  quantity  of  nitrate  of  soda,  muriate  of 
potash  and  dissolved  bone-black ; and  the  mixed  remains  of  these 
and  the  ashes  from  the  fire  were  undoubtedly  of  considerable  value. 
In  addition,  we  used  mixed  fertilizers  in  the  hill  in  the  following 
quantities  per  acre  : bone  meal,  150  pounds  ; fish  guano,  100  pounds  : 
muriate  of  potash,  110  pounds.  On  the  greater  part  of  the  field  we 
used  in  each  hill  a shovelful  of  coal  ashes,  the  beneficial  effect  of 
which  in  preventing  the  work  of  the  borer  was  very  marked.  Where 
the  ashes  were  not  employed  the  percentage  of  loss  of  plants  was 
much  the  larger,  many  hills  being  entirely  destroyed.  The  yield  and 
financial  standing  of  the  crop  are  shown  below  : — 

25  tons  squashes,  at  $10, $250  00 

Three-fourths  cost  of  fertilizers  used  in  hills’,  . $17  00 

Labor,  raising  and  storing,  . . . . 60  75 

77  75 


Balance  in  favor  of  crop, $172  25 


Rye. — Three  acres  of  newly  broken  up  old  pasture  were  in  this 
crop,  which  received  in  spring  an  application  of  150  pounds  of 
fish  guano,  150  pounds  of  muriate  of  potash  and  100  pounds  of 
nitrate  of  soda,  per  acre.  The  yield  was  fairly  satisfactory,  and  the 
standing  of  this  crop  is  shown  below  : — 


60  bushels  grain,  at  80  cents,  ....  $48  00 

4 tons  straw,  at  $20, 80  00 

$128  00 

Three-fourths  fertilizer  used,  . . . . $17  43 

Labor, 27  00 

44  43 

Balance  in  favor  of  crop, $83  57 


Besides  the  crops  described  in  detail,  we  harvested  200  bushels  of 
English  turnips  grown  as  a second  crop  after  oats  and  vetches  for 
fodder,  and  had  small  areas  in  pop-corn  and  in  garden  crops. 

Soiling  Crops.  — These  consisted  of  five  acres  of  rye,  one  of  clover, 
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two  of  oats  and  vetches,  three  of  grass,  eight  of  fodder  corn,  four 
of  oats  and  peas,  and  four  of  barley  and  peas.  The  oats  and 
barley  with  peas  were  grown  as  second  crops  after  rye,  and  for 
them  the  land  was  manured.  The  rye  was  treated  as  already  de- 
scribed for  the  portion  harvested  for  grain.  The  oats  and  vetches  on 
new  and  very  rough  land  were  grown  on  barnyard  manure  in  mod- 
erate quantity  ; the  fodder  corn  on  similar  land  got  an  application  of 
dried  blood,  125  pounds;  muriate  of  potash,  75  pounds;  bone-meal, 
50  pounds  ; and  fish  guano,  150  pounds  per  acre.  Neither  the  clover 
nor  the  grass  received  any  dressing  this  year. 

The  growth  of  all  these  crops  was  satisfactory,  and  we  produced 
green  fodders  sufficient  for  the  average  number  of  thirty-two  cows  for 
five  months  on  nineteen  acres  of  land,  much  of  which  is  but  partially 
subdued.  The  rye  comes  first  and  produces  a large  growth,  but  is  on 
the  whole  the  least  satisfactory  food  for  cows,  being  eaten  less  freely 
than  the  others.  We  found  that  on  our  land,  which  is  rather  low 
and  moist,  oats  are  very  liable  to  rust,  which  seriously  lessens  their 
value.  This  was  especially  true  of  the  late  crop  which  with  peas 
proved  much  inferior  to  barley  and  peas  which  were  in  fit  condition 
to  feed  until  about  the  20th  of  October.  For  the  very  latest  feeding 
the  peas  should  be  left  out,  as  frost  kills  them  before  it  injures  the 
barley.  The  most  satisfactory  fodder  for  the  production  of  milk  and 
cream  appeared  to  be  clover  and  corn.  One  acre  of  clover  produced 
three  good  crops,  aggregating  not  less  than  18  tons,  or  sufficient  to 
supply  green  food  for  our  thirty-two  cows  for  twelve  days.  Less 
grain  is  required  when  the  green  food  is  chiefty  clover  than  when 
corn  fodder  is  the  main  reliance. 

Soiling  versus  Pasturage.  — I am  able  to  make  an  interesting  com- 
parison between  the  results  obtained  when  land  is  pastured  and  those 
obtainable  under  the  soiling  system.  In  the  season  of  1890  about 
thirty  acres  of  land,  about  four-fifths  of  it  in  good  grass,  the  balance 
somewhat  covered  with  stumps,  but  with  much  sweet  feed  between, 
was  used  for  the  pasturage  of  an  average  of  about  thirty  cows  and 
heifers,  and  the  returns  in  cream  amounted  to  $454.96,  and  in  im- 
provement to  young  stock  possibly  to  $100,  — a total  from  this  land 
of  $554.96,  and  it  was  stocked  to  its  full  capacity. 

During  the  past  year  this  land  has  been  cleared  of  stumps,  about 
five  acres  of  it  have  been  drained,  and  the  whole  brought  under  the 
plough.  With  the  exception  of  that  produced  upon  one  acre  of 
clover  and  three  of  grass  elsewhere,  it  has  produced  green  fodder  for 
thirty-two  cows.  The  proportion  of  such  fodder  coming  from  this 
land  must  equal  four-fifths  of  the  whole,  and  I will  credit  it  with 
fourth-fifths  the  proceeds  from  our  cows  during  the  time  they  were 
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on  green  food.  Grain  was  used  both  this  year  and  last,  in  about 
equal  proportion  to  the  other  food,  and,  as  I do  not  make  any  allow- 
ance for  this,  the  apparent  credit  to  the  land  for  each  year  is  greater 
than  the  truth ; but  this  does  not  affect  the  comparison,  and  the 
value  of  the  manure  made  this  year  will  go  far  towards  offsetting 
that  item,  together  with  the  cost  of  labor  in  cutting  and  hauling  the 
fodder.  The  gross  receipts  from  this  land  this  year  are  as  follows  : — 


Cream  (four-fifths  of  total), 

$683 

52 

Squashes,  25  tons, 

250 

00 

Potatoes,  1,522  bushels, 

570 

78 

Rye  and  straw,  .... 

128 

00 

Turnips,  200  bushels,  . 

20 

00 

Total  gross  receipts  for  1891,  . 

$1,652 

30 

Total  gross  receipts  for  1890,  . 

554 

96 

Excess  for  1891  over  1890, 

• • • 

$1,097 

34 

Deducting  the  labor  of  raising  the  crops  and  the  cost  of  the 
fertilizers  and  manure  used  in  1891,  we  have  the  net  proceeds  from 
these  thirty  acres  for  this  year  $914.47,  against  $554.96  for  1890. 
The  cost  of  clearing  the  land  and  of  drainage  is  not  charged  against 
the  crops  of  this  year,  as  this  work  constitutes  a permanent  improve- 
ment, the  effects  of  which  will  be  increasing^  felt  for  a number  of 
years.  The  excess  in  net  value  of  the  products  of  this  year  as 
compared  with  last  is,  however,  more  than  sufficient  to  repay  the  full 
cost  of  clearing  the  land  of  stumps.  When,  then,  we  further 
consider  that  the  condition  of  all  this  land  is  greatly  improved,  it 
becomes  sufficiently  evident  that  for  us  soiling  is  far  preferable  to 
pasturage  for  milch  cows. 

Farm  Live  Stock.  — During  the  past  year  our  horses,  sheep  and 
swine  have  maintained  a high  average  of  health,  and  there  have 
been  no  losses  except  a very  few  of  young  pigs  and  lambs  at  birth  ; 
and  the  breeding  increase  of  the  swine  and  sheep  has  been 
satisfactoiw.  From  causes  which  we  are  unable  completely  to 
control,  our  cattle  have  suffered  somewhat  from  foot-rot,  which, 
however,  we  are  generally  able  to  check  in  its  earliest  stages.  Our 
returns  from  this  part  of  our  stock  have  been  satisfactory.  The 
faulty  construction  of  our  barn,  making  it  an  impossibility  to  keep 
the  air  of  the  cow  stable  pure,  has  been  the  indirect  cause  of  some 
losses  among  our  pure-bred  stock.  The  fine  Holstein-Friesian  bull, 
Pledge’s  Empire,  died  suddenly  from  tetanus,  the  cause  of  which  was 
a mystery.  His  place  at  the  head  of  our  Holstein-Friesians  has  been 
taken  by  Prince  of  Concord,  a bull  from  one  of  the  best  butter 
families  of  the  breed.  His  dam  has  a record  of  about  thirty  pounds 
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of  butter  in  seven  days.  Throughout  the  year  we  have  continually 
culled  out  inferior  animals,  and  the  result  is  a high  average  of 
excellence  throughout  our  herd. 

Milk  Records  of  Pure-bred  Cows.  — As  evidence  of  the  qualit}^  of 
our  stock,  permit  me  to  report  the  milk  yield  of  a few  of  our  best 
pure-bred  cows.  In  each  case  the  highest  record  made  within 
twelve  months  is  given:  Ayrshires,  — Mvrca,  8,100  pounds,  14 

ounces;  Myrca  Clifton,  9,283  pounds,  6 ounces;  Amelia  Clifton, 
8,014  pounds,  4 ounces;  Holstein-Friesians,  — Beth  Hoorn,  13,206 
pounds,  6 ounces;  Cornelia  Artis,  11,830  pounds,  10  ounces; 
Cornelia  Pledge,  8,555  pounds;  Shorthorn,  — Dulcibella,  6,851 
pounds,  11  ounces;  Guernsey,  — Fanny,  6,687  pounds,  6 ounces; 
Jersey,  — Faith  of  Deerfoot  (nine  months) , 4,869  pounds,  3 ounces. 

Grade  Cows. — As  further  evidence  of  the  quality  of  our  stock 
and  the  results  of  our  system  of  feeding,  I include  the  following 
account  with  the  twenty  grade  cows  purchased  in  October  of  last 
year. 

Account  with  Twenty  Grade  Cows. 

Dr. 

To  cost  of  cows, $ 1,000  00 

To  net  cost  of  feed,  November,  1890  to  May  1891,  . 396  23* 

To  net  cost  of  feed,  May,  1891,  to  November,  1891,  . 355  25 


Total, 

$1,751  48 

Profits  on  investment, 

700  07 

$2,451  55 

Cr. 

By  37,628  spaces  cream,  at  3|c,  . 

$1,411  05 

By  12,480  gallons  skim-milk,  at  2 cents, 

249  60 

By  calves  sold  from  herd,  .... 

40  90 

By  value  of  cows  at  close  of  year, 

750  00 

$2,451  55 

The  individual  standing  of  this  lot  of  cows 
out  by  the  table  below  : — 

is  more  clearly  brought 

Average  gross  cost  of  feed  consumed, 

$69  30 

Average  net  cost  of  feed  consumed,  . 

37  57 

Average  value  of  product,  .... 

83  03 

Average  net  profit, 

45  46 

Average  milk  yield  per  year, 

7,019  pounds  2 ounces. 

Average  butter  yield  per  year, 

308^  pounds. 

Average  age  of  cows,  ..... 

. . . 8 years. 

Average  weight  of  cows,  .... 

. . 990  pounds. 

* The  net  cost  of  feed  is  obtained  by  deducting  four-fifths  of  the  fertilizer  value  from 
the  gross  cost. 
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The  average  butter  yield  for  the  cows  of  the  State  of  New  York  is 
estimated  by  Dr.  Peter  Collier  to  be  below  130  pounds  per  annum, 
and  it  is  seldom  that  even  a herd  of  pure-bred  animals  numbering 
twenty  makes  an  average  equaling  that  of  these  grades.  When  it  is 
further  stated  that  one  of  these  cows  added  extremely  little  to  the 
aggregate  product  on  account  of  foot-rot,  it  will  be  seen  that  the 
performance  of  these  animals  has  been  rather  extraordinary.  The 
statement  of  foods  used  and  of  their  market  and  fertilizer  values  is 
given  below  : — 


Winter  Feed  of  Twenty  Cows  ( November  1 to  May  18). 

Fertilizer  Value. 


Per  Ton. 

Total. 

18  tons  hay,  at  $12,  .... 

$216  00 

$6  48 

$116  64 

9 tons  com  stover,  at  $6, 

54  00 

3 19 

28  71 

38  tons  silage,  at  $4,  ... 

152  00 

1 64 

62  32 

9 tons  beets,  at  $3,  . 

27  00 

1 14 

10  26 

6 tons  bran,  at  $20, 

120  00 

14  58 

87  48 

3 tons  cotton-seed  meal,  at  $26, 

78  00 

26  25 

78  75 

2 tons  gluten  meal  at  $28, 

56  00 

19  01 

38  02 

1 ton  corn  meal,  at  $32,  . 

1,200  pounds  linseed  meal  (new  pro- 

32 00 

7 85 

7 85 

cess),  at  $27,  '.  . . . . 

16  20 

22  80 

13  68 

Total  cost  of  feed,  .... 

$751  20  Total  fertilizer  ) 
value,  ) 

$443  71 

Summer  Feed  of  Twenty  Cows 

(May  18  to  Nov.  1, 1891). 

Fertilizer  Value. 
Per  Ton.  Total. 

15  tons  of  rye,  at  $2.50, 

$37  50 

$1  25 

$18  75 

12  tons  of  clover,  at  $4, 

48  00 

2 48 

29  76 

12  tons  of  vetch  and  oats,  at  $3.50, 

42  00 

1 54 

18  48 

46  tons  corn  stover,  at  $2.50, 

115  00 

1 25 

57  50 

tons  S barley  and  peas,  > 
tons  l oats  and  peas,  $ * 

52  50 

1 54 

23  10 

9 tons  beets,  at  $3,  . 

27  00 

1 14 

10  26 

10  tons  hay,  at  $12,  .... 

120  00 

6 48 

64  80 

3^  tons  bran,  at  $21,  . 

73  50 

19  58 

51  03 

[ tons  linseed  meal,  at  $27, 

67  50 

22  80 

57  00 

1 ton  gluten  meal,  at  $28, 

28  00 

19  01 

19  01 

60  weeks1  pasturing,  at  40  cts.,  . 

24  00 

Total  fertilizer  ) 

$349  69 

Total  cost  of  feed, 

$635  00 

value,  S 

Our  stock  at  present  consists  of  the  following  animals  : — 

Morses. — Percherons : one  stallion,  one  mare,  two  stallion  colts 
and  one  mare  colt ; one  three-fourths  blood  Percheron  mare  colt,  two 
half-blood  Percheron  mares  and  three  geldings,  — total,  eleven. 
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Cattle. — Ayrshires : one  male,  ten  females;  Shorthorns:  two 
females ; Guernseys : one  male ; Holstein-Friesians : two  males, 
nine  females ; Jerseys : two  males ; grades : thirty-four  females. 
Total : six  bulls,  fifty-four  cows  and  heifers. 

Sheep.  — Southdowns  : one  ram,  twenty-four  breeding  ewes,  six 
ram  lambs  and  six  ewe  lambs  ; total,  thirty-seven. 

Sivine.  — Small  Yorkshires:  one  boar,  two  breeding  sows  and 
thirty-three  pigs  of  all  ages ; Tamworths,  one  boar  and  one  sow. 

Equipment.  — The  only  important  additions  to  our  equipment  dur- 
ing the  year  are  as  follows  : Champion  self-binding  reaper,  Keystone 
hay-loader,  Buckeye  chain-gear  mower,  Aspinwall  potato-planter, 
Yankee  swivel-plough,  and  Yankee  disc  harrow.  All  these  have 
been  acquired  by  purchase,  and  have  been  found  to  do  their  work  in 
a satisfactory  manner.  Especially  would  I commend  the  hay-loader 
and  the  potato-planter. 

Permanent  Improvements. 

Our  work  in  this  direction,  as  last  year,  has  been  chiefly  expended 
upon  the  old  pastures  on  the  western  side  of  the  farm.  It  has  been 
mainly  concentrated  upon  the  northwestern  section,  which  will  un- 
doubtedly prove  the  best  land  on  the  farm,  as  the  soil  is  naturally 
of  a very  superior  character.  Here,  five  acres,  from  which  the  wood, 
a heavy  growth  of  pine,  was  cut  several  years  ago,  have  been  cleared 
of  stumps.  This  required  the  uninterrupted  work  of  three  men 
working  with  stump-puller  and  Atlas  powder  cartridges  for  more 
than  two  months.  Rather  more  than  seven  hundred  stumps  were 
taken  out,  and,  with  the  assistance  of  men  and  teams,  they  were 
piled  and  burned.  The  land  was  thoroughly  broken  up,  and,  though 
far  from  smooth,  and  still  containing  some  roots,  its  further  improve- 
ment will  be  comparatively  easy.  A fine  crop  of  fodder  corn  was 
grown  upon  it  with  little  labor,  and  it  was  seeded  to  clover  for  soil- 
ng  purposes  in  August.  The  seed  made  a good  start,  and  a large 
amount  of  the  most  valuable  green  fodder  may  be  confidently  antici- 
pated from  this  land  next  season. 

Besides  the  work  on  this  lot,  a considerable  number  of  scattered 
tumps  have  been  removed  from  other  portions  of  this  land,  which 
are  being  broken  up  for  the  second  time.  Some  thirty-five  acres  of 
it  have  been  ploughed  this  fall.  This  portion  is  now  entirely  free 
from  stumps,  and  is  one  of  the  finest  fields  to  be  found  in  this  part 
of  the  State.  Most  of  it  will  be  planted  next  year  with  corn  for  the 
silo  and  crib. 
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We  have  put  in  tile  drains  in  various  parts  of  these  fields  this  year 
wherever  they  seemed  to  be  most  required  ; but  in  all  cases  in  accord- 
ance with  a system  which  will  eventually  underlay  this  entire  tract, 
wherever  not  naturally  well  drained,  with  tiles.  The  total  length  of 
such  drains  put  in  this  year  is  rather  over  five  thousand  feet,  or 
nearly  a mile. 

A small  amount  of  new  fence  has  been  built ; roads  have  been  im- 
proved, and  a new  silo  has  been  put  into  the  barn  between  the  two 
already  there. 

I cannot  close  without  again  calling  attention  to  the  fact  that,  but 
for  the  labor  fund,  under  the  provisions  of  which  much  of  our  work 
is  performed  by  students,  the  work  of  improvement  upon  the  farm 
must  come  to  a standstill,  unless  we  receive  much  larger  annual  ap- 
propriations than  at  present.  This  fund  is  not  a charity.  The  young 
men  earn  the  money  they  receive,  and  the  State  receives  a money 
equivalent  in  the  improvement  of  its  property,  while  the  benefit  it  will 
derive  from  the  lives  of  increased  usefulness  made  possible  through  - 
the  education  these  young  men  are  enabled  to  obtain  is  incalculable. 

In  conclusion,  it  gives  me  pleasure  to  testify  to  the  hearty  support 
on  the  part  of  both  superiors  and  subordinates  which  my  efforts  in 
the  management  of  the  farm  have  always  received ; and  especially 
must  I commend  the  work  of  my  superintendent,  Mr.  F.  S.  Cooley, 
whose  active  and  intelligent  interest  and  executive  management  have 
contributed  largely  to  that  measure  of  success  which  we  have  been 
able  to  attain. 

William  P.  Brooks, 

Professor  of  Agriculture. 


The  Experiment  Department. 

At  no  period  in  the  history  of  the  station  has  its  influence 
been  more  widely  felt,  or  its  work  more  fully  appreciated  by 
the  farmers  of  the  Commonwealth.  The  divisions,  particularly 
of  horticulture  and  entomology,  have  been  overwhelmed  with 
correspondence. 

Five  bulletins,  in  editions  of  eleven  thousand,  have  been 
issued  during  the  year  on  the  following  topics  : — 

Directions  for  the  use  of  fungicides  and  insecticides. 

Experiments  in  greenhouse  heating,  over  versus  under  bench 
piping. 

Special  fertilizers  for  plants  under  glass. 

Report  on  varieties  of  strawberries. 
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Report  on  varieties  of  blackberries  and  raspberries. 

Report  on  fertilizers  for  corn. 

Report  on  strength  of  rennet. 

Report  on  liay  caps. 

Report  on  Flandres  oats. 

Report  on  prevention  of  potato  rot. 

Report  on  fungicides  and  insecticides  on  fruits. 

Report  on  seventeen  of  the  more  common  injurious  insects. 

In  addition  to  the  above,  a monthly  bulletin,  in  a limited 
edition  of  three  hundred  copies,  has  been  issued,  covering  the 
entire  meteorological  data  for  each  day. 

The  analyses  performed  for  this  department  by  the  State 
experiment  station  during  the  past  three  years  are  herewith 
submitted  in  tabulated  form  : — 


1 

1889. 

1890. 

1891. 

Ash  analysis, 

1 

1 

2 

Fertilizer  analysis, 

11 

25 

24 

Fodder  and  ash  analysis, 

71 

121 

68 

Fodder  analysis, 

0 

24 

6 

Milk  analysis, 

0 

62 

2 

Determination  of  rennet  value, .... 

18 

18 

0 

Determination  of  sugar, 

20 

0 

0 

Moisture  determination, 

11 

106 

459 

Moisture  and  starch  determination,  . 

0 

0 

' 45 

Fungicides  and  insecticides,  .... 

5 

15 

10 

The  burning,  April  5,  1891,  of  the  barn  erected  for  experi- 
ment purposes,  together  with  the  loss  of  valuable  data  and 
materials,  has  proved  a serious  hindrance  to  the  work  under- 
taken in  the  agricultural  division.  It  is  now  being  rebuilt,  and 
will  be  completed  in  time  for  the  next  season’s  operations. 

The  specific  work  of  the  different  divisions  during  the  year 
is  briefly  summarized  in  the  reports  of  the  several  officers,  here- 
with submitted  : — 
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The  Entomological  Division. 

The  life-history  of  the  bud  moth  (Tmetocera  ocellana)  has 
been  completed  and  published  in  Bulletin  No.  12,  together  with 
methods  for  its  destruction.  In  the  same  bulletin  were  also 
published,  with  illustrations,  the  life-histories  of  spittle  insects, 
the  squash  bug,  the  pea  weevil,  the  bean  weevil,  the  May  beetle, 
the  plum  curculio,  the  onion  maggot,  the  cabbage  butterfly, 
the  apple-tree  tent  caterpillar,  the  forest  tent  caterpillar,  the 
stalk-borer,  the  pyramidal  grape-vine  caterpillar,  the  grape- 
vine moth,  the  codling  moth,  the  cabbage-leaf  miner  and  the 
gartered  plume  moth. 

The  studies  on  cranberry  insects  have  been  continued  during 
the  summer  at  the  insectary,  and  also  on  the  bogs  of  Barnstable 
and  Plymouth  counties  during  the  months  of  July  and  August. 
The  work  has  not  been  completed,  but  a preliminary  bulletin 
on  the  subject  will  soon  be  issued.  Experiments  were  per- 
formed with  Paris  green  and  London  purple  on  cranberry  vines, 
to  determine  how  large  an  amount  may  be  used  without  injury 
to  the  vines,  and  also  how  small  an  amount  will  prove 
destructive  to  the  vine  worm,  the  results  of  wThich  will  appear 
in  the  preliminary  bulletin. 

A series  of  experiments  was  performed  with  Paris  green  on 
apple-trees,  to  ascertain  what  conditions  of  weather  cause  the 
Paris  green  to  affect  the  foliage  the  most  unfavorably. 

Experiments  were  made  with  kerosene  emulsion  on  red 
spiders  and  plant  lice  on  rose  bushes. 

A series  of  experiments  was  made  to  ascertain  the  smallest 
proportion  of  Paris  green  in  water  that  would  kill  apple-tree 
tent  caterpillars  in  their  different  molts,  and  also  what  propor- 
tion would  prove  the  most  successful  in  destroying  them. 

Six  Barnard  moth  traps  were  kept  in  the  garden  and  orchard 
during  the  season.  From  these  the  insects  were  taken  each 
day  and  determined,  in  order  to  ascertain  whether  the  beneficial 
effect  of  the  traps  in  collecting  injurious  insects  was  offset  by 
the  number  of  useful  insects  destroyed. 

The  work  on  the  card  catalogue  of  insects  and  also  on  the 
biological  collection  for  the  insectary  has  been  continued  as 
time  and  circumstances  permitted. 

Much  time  has  been  given  to  the  scientific  supervision  of  the 
work  of  destroying  the  gypsy  moth  in  the  eastern  part  of  the 
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Prawn  by  Joseph  Bridgham . 


Heliotype  Printing  Co.  Boston 


GYPSY  MOTH 


EXPLANATION  OF  PLATE  !. 


GYPSY  MOTH  (Ocneria  dispar,  L.) 


Fig.  I.  — Female  with  the  wings  spread. 

2.  — Female  with  the  wings  folded. 

3.  — Male  with  the  wings  spread. 

4.  — Male  with  the  wings  folded. 

5 — Pupa. 

6.  — Caterpillar.  1 


7.  — Caterpillar.  ) 

8.  — Cluster  of  eggs  on  bark. 

9.  — Several  eggs  enlarged. 

10.  — One  egg  greatly  enlarged. 


Full  grown. 
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State.  This  insect  was  accidentally  introduced  into  Medford 
twenty-three  years  ago,  and  has  spread  from  that  place  till  it 
has  now  been  found  in  more  than  twenty  towns  and  cities. 
The  moths  emerge  from  the  pupal  stage  in  July,  and,  after 
mating,  the  female  (plate  1,  figs.  1 and  2)  lays  her  eggs  (figs. 

9 and  10,  enlarged),  in  a cluster  on  the  bark  of  trees  (fig.  8) 
and  in  various  other  places.  These  egg  clusters  are  covered 
with  very  fine  yellowish  hairs  from  the  under  side  of  the  abdomen 
of  the  female,  and  do  not  hatch  till  the  following  May.  As  soon 
as  the  eggs  hatch,  the  young  caterpillars  feed  on  the  leaves  of 
nearly  all  species  of  plants,  and  have  proved  especially  injurious 
to  fruit  and  ornamental  trees.  They  grow  rapidly  and  reach 
maturity  in  about  six  weeks,  when  they  vary  somewhat  in  size 
and  appearance,  as  shown  in  figs.  6 and  7.  They  then  change 
to  the  pupal  stage  (fig.  5)  and  in  about  two  weeks  the  moths 
emerge.  The  males  (figs.  3 and  4)  differ  from  the  females 
both  in  size  and  color. 

During  the  past  season  several  different  species  of  parasites 
have  been  discovered  attacking  the  gypsy  moth,  and  these  have 
been  collected  and  referred  to  the  best  authorities  for  deter- 
mination. Some  of  them  prove  to  be  new  to  science,  while 
others  are  among  the  most  useful  in  holding-  our  common  native 
insects  in  check. 

This  is  undoubtedly  one  of  the  most  dangerous  insect  pests 
that  has  threatened  our  Commonwealth  and  country,  and  every 
possible  measure  should  be  adopted  for  its  destruction.  For 
two  years  past  the  State  has  made  appropriations  for  the  exter- 
mination of  this  insect,  and  most  vigorous  efforts  are  being 
made  in  the  infested  towns  to  accomplish  this  purpose.  It  is 
highly  important  that  our  citizens  in  all  parts  of  the  Common- 
wealth should  be  able  to  recognize  the  insect  in  each  of  its 
stages,  so  that,  if  it  should  be  found  in  any  new  localities,  it 
may  be  reported  to  the  gypsy  moth  committee  in  Malden, 
Mass. 

To  aid  in  recognizing  this  insect  the  plate  given  herewith  has 
been  prepared,  and  also  twenty-four  boxes,  each  containing  a 
cluster  of  the  eggs,  three  different  sizes  of  the  caterpillars 
inflated,  a pupa,  a male  and  a female  moth  with  the  wings 
spread  and  one  of  each  with  the  wings  closed,  have  been  put 
on  exhibition  in  the  infested  towns  for  the  information  of  the 
people. 
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The  Meteorological  Division. 

The  work  in  the  Meteorological  department  has  been  a con- 
tinuation of  that  begun  in  previous  years.  The  object  for  which 
the  observatory  was  established  has  been  constantly  kept  in 
view ; namely,  the  gathering  of  useful  meteorological  data  and 
its  systematic  arrangement,  in  order  to  facilitate  the  study  of 
climatic  changes  and  their  direct  bearing  upon  agriculture.  A 
careful  register  of  all  meteorological  phenomena  and  a full  and 
minute  record  of  every  day  since  the  establishment  of  the  ob- 
servatory have  been  kept  for  future  reference.  The  impor- 
tance of  such  records  must  be  apparent,  for  all  the  peculiarities 
of  the  weather  in  any  locality  do  not  manifest  themselves  in  a 
season.  Natural  conditions  change  and  corresponding  results 
follow  ; extreme  drought,  copious  rains,  heavy  snows,  high  and 
low  mean  temperatures  are  periodical,  and  occur  as  the  result  of 
cyclical  atmospheric  changes.  Hence  our  knowledge  of  climatic 
and  recurring  local  weather  changes  is  not  obtained  from  obser- 
vations made  for  a few  years,  but  accurate  and  reliable  deduc- 
tions can  only  be  drawn  from  data  covering  at  least  a period  of 
half  a century. 

A careful  record  of  the  mean  rainfall  and  temperature  at 
Amherst  has  been  prepared  from  the  writings  of  the  late  Pro- 
fessor Snell  of  Amherst  College,  who  began  work  in  this  direc- 
tion in  1836,  so  that  the  observatory  is  now  in  possession  of  an 
unbroken  chain  of  data  covering  a period  of  fifty-five  years. 

Bulletins  containing  a daily  and  monthly  summary  of  obser- 
vations are  issued  every  month,  and  at  the  close  of  each  year  a 
summary  for  the  twelve  months  is  prepared ; thus  the  more 
important  results  are  placed  in  a condensed  and  useful  form. 

The  bulletins  are  sent  to  meteorological  societies  and  signal 

© © 

stations  in  the  various  States,  also  to  voluntary  observers  and 
other  individuals  who  may  apply  for  them. 

In  addition  to  the  regular  routine  work  of  the  observatory, 
a series  of  experiments  with  dynamical  electricity  and  its 
influence  upon  vegetable  growth  has  been  undertaken.  These 
experiments  have  been  in  progress  for  two  years,  and  further 
observation  will  be  made  in  this  direction.  Preparations  are 
now  in  progress  for  testing  various  seeds,  submitted  to  the 
influence  of  electric  currents  of  different  degrees  of  intensity, 
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before  planting,  to  ascertain  whether  seeds  thus  treated 
develop  more  rapidly  in  the  soil,  or  whether  their  vitality  is 
partially  or  wholly  destroyed.  For  the  lack  of  funds,  experi- 
ments in  this  department  must  necessarily  be  carried  on  in 
a small,  economical  and  inexpensive  way,  and  the  latter  is 
often  a detriment  to  the  best  results.  It  is  hoped  that  means 
will  soon  be  provided  whereby  more  elaborate  field  experi- 
ments can  be  made  concerning  the  direct  and  indirect  influ- 
ence of  atmospheric  electricity  upon  the  growth  and  develop- 
ment of  plants. 

Since  the  agricultural  department  assumed  charge  of  the 
weather  bureau,  the  hearty  co-operation  of  voluntary  observers 
has  been  solicited,  and  daily  forecasts  and  storm  warnings 
promised  to  all  those  in  country  places  who  would  display 
flags.  That  the  movement  is  a wise  and  important  one  cannot 
be  questioned,  for  many  cases  already  can  be  cited  where 
valuable  crops  have  been  saved  from  destruction  through  the 
timely  warnings  of  the  signal  service ; and  it  is  the  desire  of 
the  latter  that  these  official  forecasts  should  reach  the  remote  as 
well  as  the  more  accessible  agricultural  districts.  While  this 
may  not  be  fully  realized,  yet  a great  deal  can  be  done  toward 
furthering  the  work,  and  important  service  rendered  the  farmer 
in  helping  him  to  protect  his  crops.  It  seems  proper  that  the 
observatory,  situated  as  it  is  on  the  college  grounds,  in  a rich 
and  fertile  agricultural  section,  should  be  provided  with  the 
necessary  means  for  communicating  storm  and  frost  warnings 
to  the  surrounding  farmers. 

It  was  recommended  in  the  last  annual  report  of  this  depart- 
ment that  money  be  appropriated  for  flags  used  for  signalling 
and  telegraph  instruments  to  be  placed  in  the  observatory,  that 
direct  communication  might  be  had  with  the  Weather  Bureau 
at  Washington.  The  expense  of  such  equipment  has  been 
estimated  at  two  hundred  and  fifty  dollars.  Arrangements  were 
also  made  with  the  authorities  at  the  central  office  to  furnish 
this  department  with  the  official  weather  forecasts  twice  daily, 
and  free  of  charge. 

The  Agricultural  Division. 

The  Japanese  millets  mentioned  in  the  last  annual  report,  to- 
gether with  two  other  species  of  millet  and  a number  of  varie- 
ties of  Soja  bean,  have  been  under  further  trial.  The  millets 
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show  remarkable  cropping  capacity.  Panicum  italicum  in  half- 
acre plots  has  yielded  in  one  instance  at  the  rate  of  seventy- 
two  bushels  of  heavy  seed  and  two  and  one-sixth  tons  of  straw, 
and  in  another  at  the  rate  of  seventy-six  bushels  of  seed  and 
two  and  one -fifth  tons  of  straw  per  acre.  This  straw  will  be 
analyzed,  but  from  its  appearance  it  is  judged  that  it  must  equal 
corn  stover  in  feeding  value.  An  experiment  in  feeding  will 
be  undertaken  this  winter.  Another  millet,  Panicum  crus  g alii, 
yielded  at  the  rate  of  forty-two  and  a half  bushels  of  seed  and 
nearly  seven  tons  of  straw  to  the  acre  ; and  another,  Panicum 
miliaceum , at  the  rate  of  ninety  and  eight-tenths  bushels  of  seed 
and  six  and  one-half  tons  of  straw.  The  latter  when  green  was 
eaten  with  all  the  avidity  which  cattle  usually  show  for  green 
corn  fodder,  and  promises  to  be  a valuable  crop  for  soiling  or 
for  the  silo. 

Several  of  the  varieties  of  Soja  bean,  Glycine  hispida , 
which  have  been  under  cultivation,  prove  well  adapted  to  our 
soil  and  climate,  and  on  soil  of  medium  quality  have  yielded  in 
different  years  from  about  twenty-five  to  thirty-five  bushels  to 
the  acre.  About  eight  bushels  of  these  beans  were  ground  into 
a fine  meal  by  the  local  miller  last  winter,  and  an  experiment 
in  feeding  the  meal  to  milch  cows  would  have  been  undertaken, 
had  not  the  destruction  of  our  barn  by  fire  prevented.  This 
experiment  will  be  undertaken  the  present  winter,  upon  a 
smaller  scale,  made  necessary  by  the  loss  of  our  stock  of  seed. 

White  mustard  seed  at  the  rate  of  about  sixteen  bushels  per 
acre  has  been  raised,  and  was  ripe  in  season  for  use  in  seeding 
for  green  manuring  upon  stubble  land  and  in  standing  corn. 
Careful  experiments  in  the  use  of  this  crop  as  a nitrogen  con- 
server  and  soil  improver  have  been  begun. 

Hemp  of  two  varieties  and  flax  of  three  have  been  success- 
fully raised ; but  the  experiment  with  flax,  which  occupied 
three-fourths  of  an  acre,  has  demonstrated  the  impossibility,  at 
present  prices,  of  growing  the  crop  at  a profit  in  this  section. 

Black  Tartarian  oats  and  early  race-horse  oats  from  Japan, 
and  a large  number  of  varieties  of  English  and  American 
wheats,  both  winter  and  spring,  have  been  under  trial  upon  a 
small  scale.  The  most  striking  point  brought  out  by  these 
trials  is  the  unsuitability  of  English  wheats  for  this  climate. 
They  are  very  late  and  unusually  susceptible  to  rust.  Full 
reports  on  these  crops  will  be  published  in  future  bulletins. 
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The  soil  tests  with  fertilizers  for  corn  in  twelve  localities  of 
the  State  reported  in  Bulletin  No.  14  confirm  in  a striking 
manner  the  conclusions  presented  in  Bulletin  No.  9.  Both  sets 
of  experiments  indicate  the  necessity  of  more  potash  than  is 
usually  employed  for  the  growth  of  this  crop,  The  grand 
average  increase  in  hard  corn  and  stover  per  acre  in  1890,  tak- 
ing all  experiments  into  account,  was  as  follows  : — 

For  potash,  hard  corn,  11.3  bushels  ; . stover,  1,308  pounds. 

For  phosphoric  acid,  hard  corn,  4.7  bushels  ; stover,  389  pounds. 

For  nitrogen,  hard  corn,  3.6  bushels  ; . stover,  162  pounds. 

Similar  soil  tests  have  been  carried  out  in  five  localities  this 
year  with  oats  and  potatoes.  They  show  that  oats,  in  particu- 
lar, differ  in  a marked  degree  in  their  requirements  from  corn, 
being  greatly  benefited  by  an  application  of  nitrogen  in  the 
form  of  nitrate  of  soda. 

The  soil  tests  of  two  years  having  led  to  the  conclusion  that 
potash  should  be  more  largely  used  both  with  fertilizers  and 
manures  for  corn,  experiments  have  been  carried  out  to  test 
the  correctness  of  this  conclusion.  In  two  experiments,  occu- 
pying one-half  an  acre  each,  manure  alone,  applied  at  the  rate 
of  $30  worth  per  acre,  gave  at  the  rate  of  about  57  and  56 
bushels  respectively  of  corn,  and  3,840  and  3,800  pounds  of 
stover  per  acre  ; while  manure  and  potash,  applied  at  the  rate 
of  $17.50  wrorth  per  acre,  gave  crops  of  about  54  and  52 
bushels  respectively  of  corn,  and  3,780  and  3,660  pounds  of 
stover  per  acre.  The  larger  application  ( double  ) of  manure 
alone  gave  slightly  the  larger  yields ; but  the  difference  was  by 
no  means  sufficient  to  pay  for  the  larger  amount  of  manure 
used.  The  difference  in  cost  of  manures  was  $12.50  ; in  crops, 
about  three  bushels  of  corn  and  one  hundred  pounds  of  stover. 

An  experiment  with  fertilizers,  to  test  the  conclusion  alluded 
to  above,  was  carried  out  upon  another  half  acre.  Fertilizers 
containing  the  average  amounts  of  nitrogen,  potash,  and  phos- 
phoric acid  found  in  six  special  corn  fertilizers  in  the  market, 
and  costing  $13.66,  gave  a crop  at  the  rate  of  about  55  bushels 
of  hard  corn  and  4,100  pounds  of  stover ; while  a fertilizer  with 
less  nitrogen  and  phosphoric  acid  and  much  more  potash,  and 
costing  $10.70,  gave  at  the  rate  of  56  bushel^  of  corn  and  4,300 
pounds  of  stover,  — a slightly  superior  crop  at  considerably  less 
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cost.  A similar  experiment  with  millet  occupied  another  half 
acre,  and  this  also  showed  the  superiority  of  the  cheaper  com- 
bination of  fertilizers. 

The  two  experiments  with  fertilizers  just  alluded  to  were 
designed  to  serve  also  as  a basis  for  comparison  of  millet  and 
corn  as  grain  crops.  The  millet  yielded  at  the  rate  of  about 
seventy-five  bushels  of  seed  and  two  tons  of  straw  per  acre ; 
the  corn  fifty-six  bushels  of  grain  and  a little  over  two  tons  of 
stover.  The  cost  of  labor  was  the  greater  for  the  millet ; but 
until  the  crops  are  analyzed  it  is  impossible  to  make  an  exact 
comparison.  The  millet  has  been  ground,  and  makes  an  excel- 
lent meal. 

The  grand  average  of  the  milk  analyses  of  the  two  samples 
(morning  and  night)  of  the  milk  of  all  the  cows  in  our  herd 
made  in  December,  1890,  was  13.17  per  cent,  total  solids  and 
4.11  per  cent,  fat,  thus  being  a little  above  the  legal  standard 
in  this  State.  The  milk  of  the  Ayrshires  (six  cows)  averaged 
13.29  per  cent,  solids  and  3.78  per  cent,  fat;  Holstein- 
Friesians  (five  cows),  12.10  per  cent,  solids,  3.26  per  cent, 
fat;  Shorthorns  (four  cows),  13.19  per  cent,  solids,  4.04  per 
cent,  fat;  Jerseys  (three  cows),  13.91  per  cent,  solids,  4.96 
per  cent,  fat;  Guernsey  (one  cow),  16.36  per  cent,  solids,  6.79 
per  cent,  fat;  grades  (twenty-one  cows),  13.23  per  cent, 
solids,  4.18  per  cent.  fat. 

Horticultural  Division . 

The  work  of  this  division  has  been  carried  on  according  to 
the  plans  made  at  the  beginning  of  the  year,  the  results  of 
which  have  been  published  in  full,  or  in  part,  in  the  quarterly 
bulletins. 

In  Bulletin  No.  11  are  given  the  results  of  the  use  of  fungi- 
cides and  insecticides  combined,  for  the  destruction  of  insects 
and  fungous  growths  attacking  the  same  kinds  of  crops.  In 
Bulletin  No.  13  is  given  full  instruction  for  the  use  of  fungi- 
cides, and  also  fungicides  and  insecticides,  when  they  can  be 
successfully  and  economically  combined,  based  upon  the  work 
of  this  station  and  the  facts  established  by  workers  in  the  same 
line  connected  with  other  stations. 

During  the  past  season  duplicate  experiments  have  been  con- 
ducted by  responsible  parties  in  different  parts  ©f  the  State,  and, 
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as  far  as  results  have  been  reported,  many  important  facts 
have  been  obtained.  The  object  of  this  work  has  been  two- 
fold : first,  to  increase  the  certainty  of  accurate  results  by 
having  the  work,  done  by  specialists,  and  in  different  parts  of  the 
State  ; and  second,  to  extend  as  much  as  possible  the  knowledge 
of  the  methods  of  using  fungicides  and  insecticides. 

Among  the  results  obtained  the  past  season  from  all  sources 
are  the  following  : — 

It  has  been  demonstrated  beyond  question  that  the  apple 
crop  can  be  saved  from  serious  injury  by  the  apple  scab,  and 
the  injury  from  the  larvae  of  the  codling  moth  can  be  largely 
prevented. 

That  the  rotting  of  the  fruit  of  the  peach  and  plum  before 
fully  ripe  can  be  largely  prevented,  but  in  the  use  of  copper 
salts  on  the  peach  foliage  very  dilute  solutions  must  be  made. 

That  the  pear  and  plum  leaf  blight  can  also  be  largely 
prevented,  and  that  the  plum  wart,  so  destructive  to  our  plum 
trees,  can  be  prevented. 

That  the  potato  blight,  and  the  rot  that  soon  follows,  can  be 
largely  prevented  by  using  solutions  of  copper,  and  that,  by 
the  use  of  Paris  green  in  the  same  mixture,  the  potato  beetles 
are  more  certainly  and  economically  destroyed  than  in  any 
other  way. 

Extensive  experiments  have  been  made  in  protecting  peach 
buds  from  injury  by  cold ; but,  as  the  buds  unprotected  were 
not  injured,  no  results  were  obtained  the  past  season.  We 
have,  however,  demonstrated  that  large  trees,  which  have  not 
been  especially  prepared  for  the  purpose,  can  be  laid  down 
upon  the  ground  at  a very  small  expense  and  without  injury. 

In  the  green-houses,  the  testing  of  the  over-bench  piping,  as 
compared  with  the  under-bench,  resulted  somewhat  in  favor  of 
the  latter,  although  the  comparison  for  one  season  only  is  not 
sufficient  to  establish  the  matter  beyond  a doubt. 

The  results  of  the  comparative  tests  of  the  leading  varieties 
of  fruits  have  been  of  much  interest.  Among  the  apples,  the 
Haas  has  proved  for  several  years  to  be  a very  productive, 
hardy  and  handsome  autumn  apple  of  good  quality,  and  the 
Excelsior  peach,  although  medium  in  size,  is  of  fine  quality, 
and  for  the  past  five  or  six  years  has  proved  more  hardy  than 
any  other  variety.  Among  the  plums,  the  Abundance,  one  of 
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the  Japanese  varieties,  is  very  fine  in  quality,  of  good  size,  and 
very  productive. 

The  one  grape  that  stands  out  as  having  especially  valuable 
qualities,  among  the  many  new  kinds,  is  the  “ Winchell  ” or 
“ Green  Mountain.”  This  is  a very  early , green  grape  of 
medium  size  and  growth  of  vine,  but  of  very  fine  quality,  and, 
so  far,  free  from  disease. 

Among  the  small  fruits,  the  red  raspberry  known  as 
Thompson’s  Early  Prolific  has  proved  the  earliest  variety  upon 
the  grounds.  It  is  hardy,  of  vigorous  growth  and  good  quality, 
and,  if  it  proves  as  productive  as  the  Cuthbert  or  Marlboro,  it 
will  be  one  of  our  most  valuable  varieties.  Of  the  strawber- 
ries, those  taking  the  highest  rank  are  the  “ Beder  Wood”  and 
“Parker  Earle,”  the  first  a very  early,  perfect-flowered  variety, 
valuable  for  home  use  or  market,  grown  in  the  matted  row  or 
in  the  hill,  and  the  second  a late  variety,  growing  naturally  in 
hills,  yet  producing  runners  enough  for  its  rapid  propagation. 

An  effort  is  being  made  to  test  all  the  new  varieties  of  large 
and  small  fruits,  and  such  of  the  vegetables  and  flowers  as  may 
be  sent  to  us  for  trial,  but  with  limited  means  this  is  all  that  it 
has  seemed  advisable  to  undertake.  T^e  testing  of  all  varie- 
ties of  vegetables  and  flowers,  in  a comparative  way,  is  of  great 
importance  to  the  people  who  cannot  afford  to  spend  the  time 
and  money  necessary  for  this  work. 

One  of  the  pleasant  duties  connected  with  the  work  of  this 
department  has  been  answering  the  numerous  questions  sent  to 
us  upon  all  horticultural  subjects,  and  receiving  reports  of  the 
interesting  results  obtained  by  those  who  are  experimenting  in 
a private  way.  All  such  questions  or  reports  of  results  are 
earnestly  solicited,  and  full  credit  will  be  given  to  the  parties 
communicating  them. 
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TREASURER’S  REPORT. 


Annual  Statement  of  the  Hatch  Fund. 
For  the  Year  Ending  June  30 , 1891 . 
Cash  received  from  the  United  States, 


salary,  

$6,885  80 

library, 

580  02 

labor, 

1,697  00 

freight  and  express, 

111  27 

printing,  ..... 

1,681  45 

incidentals, 

1,980  72 

supplies, 

1,238  66 

general  fittings,  .... 

199  15 

scientific  instruments, 

381  80 

postage, 

37  46 

furniture,  ..... 

96  05 

travelling  expenses, 

110  62 

$15,000  00 


$15,000  00 
Amherst,  Mass.,  Jan.  2,  1892. 

I,  the  undersigned,  duly  appointed  auditor  for  the  corporation,  do  hereby 
certify  that  I have  examined  the  books  and  accounts  of  the  Hatch  Experi- 
ment Station  of  the  Massachusetts  Agricultural  College  for  the  fiscal  year 
ending  June  30,  1891,  and  have#found  the  same  well  kept  and  correctly 
classified  as  above ; and  that  the  receipts  for  time  named  are  shown  to  be 
$15,000,  and  the  corresponding  disbursements  $15,000.  All  of  the  proper 
vouchers  are  on  file,  and  have  been  by  me  examined  and  found  correct, 
there  being  no  balance  to  be  accounted  for  in  the  fiscal  year  ending  June 
30, 1891.  J.  Howe  Demond,  Auditor. 

Cash  received  for  insurance  on  buildings  and  contents  burned 

during  the  year,  belonging  to  the  station,  ....  $3,470  00 
Cash  paid  out  for  rebuilding, 1,624  63 

$1,845  37 
Jan.  2,  1892. 

This  is  to  certify  that  I have  this  day  examined  the  accounts  of  the  cash 
received  and  paid  on  money  received  for  insurance  on  Hatch  Agricultural 
building,  and  find  balance  of  cash  on  hand  of  $1,845.37. 

J.  Howe  Demond,  Auditor. 

I hereby  certify  that  the  foregoing  is  a true  copy  from  the  books  of 
account  of  the  Hatch  Experiment  Station  of  the  Massachusetts  Agricultural 
College.  Frank  E.  Paige,  Treasurer . 

I hereby  certify  that  Frank  E.  Paige  is  the  treasurer  of  the  Massachusetts 
Agricultural  College,  and  that  the  above  is  his  signature. 

[Seal.]  Henry  H.  Goodell, 

President  Massachusetts  Agricultural  College. 
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Gifts. 

From  Sir  John  B.  Lawes  of  England,  — Nine  volumes  publications 
of  the  Rothamsted  Experiment  Station. 

Dr.  J.  H.  Gilbert  of  England,  — One  volume  of  “ Occasional 
Lectures  on  Agricultural  Chemistry.” 

Robert  Warrington  of  England,  — Twenty-one  pamphlets, 
results  of  investigations  at  the  Rothamsted  Experiment 
Station. 

Edgar  H.  Libby  (M.  A.  C.,  ’74)  of  New  York  City,  — Thirty- 
eight  volumes  and  six  pamphlets  on  agricultural  and 
horticultural  subjects. 

William  B.  Court  of  Montreal,  Canada, — Forty-two 
volumes  miscellaneous. 

Charles  Smith  of  Amherst,  — Six  volumes  State  documents. 

Amasa  Norcross,  Esq.,  of  Fitchburg,  — Six  volumes  official 
records  of  the  war. 

Rodney  Wallace,  Esq.,  of  Fitchburg,  — Three  volumes 
government  publications. 

Joseph  E.  Pond,  Esq.,  of  North  Attleboro,  — Four  volumes 
bee  journals. 

John  W.  Clark  (M.  A.  C.,  ’72)  of  Columbia,  Mo.,  — Tran- 
sactions Missouri  Horticultural  Society. 

John  Aitken,  Esq.,  of  Darroch,  Falkirk,  Scotland,  — Two 
monographs  on  dew  and  hoar  frost. 

Austin  Peters  (M.  A.  C., ’81)  of  Boston,  — “ Etiology  of 
Outbreak  of  Disease  among  Hogs.” 

Hon.  George  F.  Hoar  of  Worcester,  — Three  volumes  U.  S. 
Geological  Survey. 

Dr.  F.  W.  Draper  of  Boston,  — Report  of  State  Board  of 
Health. 

Miss  Eleanor  A.  Ormerod  of  Spring  Grove,  England,  — 
Report  of  observation  of  injurious  insects. 

Prof.  H.  A.  Frink  of  Amherst, — “An  Address  Commemo- 
rative of  Richard  H.  Mather.” 

E.  W.  Allen  (M.  A.  C.,  ’85)  of  Washington,  D.  C.,  — Holz- 
gummi,  Xylose  und  Xylonsaiire. 

Wm.  S.  Lyons  of  Anaheim,  Cal.,  — Report  California  State 
Board  of  Forestry. 

Mrs.  George  A.  Black  of  Portland,  Me., — Land  mammals 
of  New  England. 

Dr.  Frank  S.  Billings  of  Lincoln,  Neb., — Three  pamphlets 
on  veterinary  subjects. 
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Hon.  Charles  Whitehead  of  London,  England,  — Report  of 
intelligence  department  on  injurious  insects  and  fungi. 

Dr.  Daniel  Draper  of  New  York  City,  — Report  of  New 
York  Meteorological  Observatory,  1891. 

Dr.  T.  Wesley  Mills  of  Montreal,  Canada,  — “Squirrels, 
their  Habits  and  Intelligence. ” 

J.  H.  Tryon  of  Willoughby,  O.,  — “Practical  Treatise  on 
Grape  Culture.” 

Chas.  Turrill,  Esq.,  of  San  Francisco,  Cal.,  — Three  vol- 
umes Viticultural  Commission. 

The  Under  Secretary  for  Agriculture  of  Brisbane,  — Annual 
Report  Department  of  Agriculture,  1890-91. 

The  Director  of  Land  Records  and  Agriculture  of  Madras, 
India,  — Agricultural  Bulletins,  1891. 

Henry  Adams  of  Amherst,  — Samples  of  drugs  commonly 
used  in  veterinary  practice. 

Fred  H.  Fowler  (M.  A.  C.  ’87)  of  Waverly,  Rhetorical 
prizes  for  1892. 

Also  the  following  papers  and  periodicals  from  the  publish- 
ers : “ The  Massachusetts  Ploughman,”  “The  American  Cul- 
tivator,” “ The  New  England  Farmer,”  “ The  American  Veteri- 
nary Review,”  “The  American  Garden,”  “The  Poultry 
Monthly,”  “ The  Mirror  and  Farmer,”  “ The  American  Grange 
Bulletin,”  “ The  Farm  and  Home,”  “ The  Berkshire  Courier,” 
“The  Home  Farm,”  “The  Ohio  Practical  Farmer,”  “The 
Orange  Judd  Farmer,”  “ The  New  England  Homestead.” 

A legacy  of  five  thousand  dollars  has  been  left  the  college  by 
Mr.  T.  O.  H.  P.  Burnham  of  Boston,  but  we  understand  that  there 
is  some  doubt  of  its  being  received,  as  the  heirs  are  contesting 
the  provisions  of  the  will.  It  would  seem  fitting  that  the  col- 
lege be  represented  by  its  proper  officers  before  the  courts. 

I desire  to  call  your  attention  to  the  reports  of  the  professors 
of  mental  and  political  science  and  military  science  herewith 
submitted  ; also  to  the  reports  in  the  experiment  department ; 
and  to  a paper  on  “ Military  instruction  in  Colleges,”  by  Lieut. 
Lester  W.  Cornish  ; and  one  on  “ Tuberculosis,”  by  Dr.  James 
B.  Paige.  Respectfully  submitted, 

Charles  H.  Fernald, 

Acting  President. 
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TREASURER’S  REPORT. 


Frank  E.  Paige,  Treasurer  of  Massachusetts  Agricultural  College , for 
the  Year  ending  Dec.  31, 1891. 


Received.  Paid. 

Cash  on  hand, 

$3,688  34 

Term  bill, 

5,317  78  $2,197  95 

Botanical, 

4,756  35  5,210  91 

Farm, 

5,515  12  | 9,197  87 

Expense, 

47  19  5,875  13 

Laboratory,  

649  07  483  22 

Salary, 

17,816  60 

Library  Fund, 

371  01  371  01 

Endowment  Fund, 

11,281  96 

State  Scholarship  Fund, 

15,000  00 

Hills  Fund, 

601  56  i 662  72 

Grinnell  Prize  Fund, 

45  00  j 65  00 

Whiting  Street  Fund, 

51  15  i 

Mary  Robinson  Fund, 

60  44  55  00 

Gassett  Fund,  . 

42  94  ! 50  00 

Extra  instruction,  ...... 

- ! 384  00 

Labor  Fund, 

5,000  00  i 6,630  97 

Insurance, 

- j 11  19 

Reading-room, 

124  35 

Advertising, 

305  00 

Cash  on  hand  Dec.  31, 1891,  .... 

2,986  99 

$52,427  91  $52,427  91 

Cash  Balance,  as  shown  by  the  Treasurer’s  Statement,  belongs 


to  the  Following  Accounts. 

Grinnell  Prize  Fund, $20  00 

Mary  Robinson  Fund, 188  18 

Hills  Fund, 17  53 

Labor  Fund, 1,148  06 

Whiting  Street  Fund, 163  76 

Gassett  Fund, 176 

Term  Bills 124  59 

General  fund  of  College  1,323  11 


$2,986  99 
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Cash  and  Bills  Receivable  Dec.  31,  1891. 

Farm, 

Term  bills, 

Botanical, 

Laboratory, 

Cash  on  hand  of  general  funds, 


Bills  Payable  Dec.  31,  1891. 

Botanical  account, 

Expense, 

Farm  account, 

Labor  fund, 

Term  bill  account, 


Value  of  Real  Estate. 


Land. 

Cost. 

College  farm, 

. . . 

. 

$37,000 

00 

Pelham  quarry,  . 

500 

00 

Buildings . 

Cost. 

Laboratory,  .... 

$10', 360 

00 

Botanic  museum, . 

5,180 

00 

Botanic  barn, 

1,500 

00 

Durfee  plant-house  and  fixtures 

12,000 

00 

Small  plant-house  and  fixtures, 

800 

00 

North  college, 

36,000 

00 

Boarding-house,  . 

8,000 

00 

South  dormitory,  . 

37,000 

00 

Graves  house  and  barn, 

8,000 

00 

Farm-house,  .... 

4,000 

00 

Farm  barns  and  sheds, 

14,500 

00 

Stone  chapel, 

31,000 

00 

Drill  hall,  .... 

6,500 

00 

President’s  house, 

11,500 

00 

Four  dwelling-houses  and  shed 

purchased 

with 

farm,  .... 

10,000 

00 

Inventory  of  Personal  Property 

Botanical  department, 

Farm, 

Laboratory, 

Natural  history  collection, 

Library, 

Fire  apparatus, 

Physics, 

Boarding-house, 
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$3,4G4  09 
1,320  26 
359  48 
336  55 
1,323  11 

$6,803  49 

$11  56 
468  99 
4,788  46 
302  21 
59  70 

$5,630  92 


$37,500  00 


196,340  00 

$233,840  00 

$9,834  32 
16,464  50 
1,139  77 
3,267  04 
9,500  00 
500  00 
3,587  26 
400  00 


$44,692  89 
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Summary  Statement. 

Assets. 

Total  value  of  real  estate,  per  inventory,  . $233,840  00 
Total  value  personal  property,  per  inventory,  44,692  89 
Total  cash  on  hand  and  bills  receivable,  per 

inventory, 6,803  49 

Total, 


Liabilities. 

Bills  payable  as  per  inventory, 


Funds  for  Maintenance  of  College. 

Technical  Educational  Fund,  United  States 

Grant,  amount  of, $219,000  00 

Technical  Educational  Fund,  State  Grant,  . 141,575  35 

By  law  two-thirds  of  the  income  is  paid  to  the  treasurer  of 
the  college,  one-third  to  Institute  of  Technology.  Amount 

received,  1891,  . . 

State  Scholarship  Fund,  $10,000.00.  This  sum  was  appropri- 
ated % the  Legislature,  1886,  and  is  paid  in  quarterly  pay- 
ments to  the  college  treasurer, 

Hills  Fund  of  $10,000  in  hands  of  college  treasurer.  This 
was  given  by  L.  M.  and  H.  F.  Hills  of  Amherst.  By  condi- 
tions of  the  gift  the  income  is  to  be  used  for  maintenance 

of  a botanic  garden.  Income,  1891, 

Unexpended  balance,  Dec.  31,  1891,  $17.53. 

Annual  State  appropriation  of  $10,000.  This  sum  was  appro- 
priated by  Legislature  of  1889,  for  four  years,  for  the  en- 
dowment of  additional  chairs  and  general  exjiense.  Five 
thousand  dollars  of  the  sum  was  appropriated  as  Labor 
Fund,  to  provide  for  the  paying  of  labor  performed  by 

needy  and  worthy  students, 

Grinnell  Prize  Fund  of  $1,000,  in  hands  of  college  treasurer. 
Gift  of  Ex-Gov.  William  Claflin  ; was  called  Grinnell  Fund 
in  honor  of  his  friend.  The  income  is  appropriated  for 
two  prizes  to  be  given  for  the  best  examination  in  agricul- 
ture by  graduating  class.  Income,  1891,  . 

Unexpended  balance,  $20.00 

Mary  Robinson  Fund  of  $1,000,  in  hands  of  college  treasurer, 
given  without  conditions.  The  income  has  been  appro- 
priated to  scholarships,  to  worthy  and  needy  students. 

Income,  1891, ' 

Unexpended  balance  Dec.  31,  1891,  $188.18. 

Amount  carried  forward , 


[Jan. 

$285,336  38 

5,630  92 
$279,705  46 

$11,281  96 
10,000  00 

601  56 

10,000  00 

45  00 

60  44 
$31,988  96 
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Amount  brought  forward , , • • $31,988  96 

Whiting  Street  Fund  of  $1,000,  a bequest  without  conditions. 

To  this  sum  is  added  $260  by  vote  of  the  trustees  in  Janu- 
ary, 1887,  it  being  the  interest  accrued  on  the  bequest. 

Amount  of  Fund  Dec.  31,  1891,  $1,260.  Unexpended  bal- 
ance of  income,  $163.76.  Income,  1891,  ....  51  15 

Library  Fund,  for  use  of  library,  $7,962.03.  Deposited  in 
Amherst  Savings  Bank. 

Gassett  Scholarship  Fund;  the  sum  of  $1,000  was  given  by 
the  Hon.  Henry  Gassett  as  a scholarship  fund.  Unex- 


pended balance,  Dec.  31,  1891,  $1.76.  Income,  1891,  . . 42  94 

Total, $32,083  05 


To  this  sum  should  be  added  amount  of  tuition,  room  rent,  receipts  from 
sales  of  farm  and  botanic  gardens ; amount  of  same  can  be  learned  from 
statement  of  treasurer.  Tuition  and  room  rent  under  head  of  term  bill. 

This  is  to  certify  that  I have  this  day  examined  the  accounts  of  F.  E. 
Paige,  treasurer  of  the  Massachusetts  Agricultural  College,  from  Jan.  1, 
1890,  to  Jan.  1,  1892,  and  find  the  same  correct,  properly  kept,  and  vouched 
for.  The  balance  in  treasury,  being  two  thousand  nine-  hundred  and 
eighty-six  and  dollars  ($2,986.99),  is  shown  to  be  in  bank. 

C.  A.  Gleason,  Auditor. 


Jan.  8,  1892. 
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MILITARY  DEPARTMENT. 


Amherst,  Mass.,  Dec.  10,  1891. 

To  Prof.  Chas.  H.  Fernald,  Acting  President. 

Sir  : — I have  the  honor  to  submit  the  following  report  in  regard 
to  matters  pertaining  to  the  military  department. 

Instruction. 

Practical  instruction  in  infantry,  artillery,  and  sabre  drill  has  been 
given  to  all  the  students  not  excused  on  account  of  physical  disabil- 
ity. Target  practice  at  200  and  300  yards  has  been  held,  when  the 
weather  was  suitable,  with  fair  results.  Theoretical  instruction  has 
been  given  to  the  senior,  sophomore,  and  freshman  classes,  both  by 
lectures  and  from  text-books,  according  to  the  schedule. 

When  the  new  drill  regulations  are  introduced,  the  time  allowed 
the  military  department  should  be  increased  so  that  all  the  students 
can  study  them  at  the  same  time. 

Uniform. 

Some  trouble  is  caused  on  the  entrance  of  each  class  by  the  failure 
of  a few  students  to  pay  promptly  for  their  uniforms.  As  a remedy 
for  this  I recommend  that  each  student,  when  he  is  admitted  to  col- 
lege, be  required  to  deposit  with  the  treasurer,  the  sum  of  sixteen 
dollars  to  cover  this  necessar^  expense.  After  he  has  received  his 
uniform,  the  amount  not  required  to  pay  for  it,  can  be  returned  to  him. 

Buildings. 

All  the  rooms  in  North  College  are  now  in  good  condition.  The 
walls  and  ceilings  of  the  rooms  in  South  College  are  in  very  bad 
repair.  The  outside  of  the  drill  hall  should  be  painted  as  soon  as 
possible.  I strongly  recommend  that  a new  floor  be  laid  and  a gal- 
lery be  built  in  the  drill  hall.  Concrete,  of  which  the  floor  is  at  pres- 
ent constructed,  is  the  worst  material  that  could  be  used  for  such  a 
purpose.  Many  guns  have  been  injured  on  account  of  it;  it  is 
impossible  to  prevent  the  dust  from  arising  from  it,  while  the  cadets 
are  drilling,  in  such  quantities  as  to  cause  much  inconvenience  ; and 
during  the  winter,  the  floor  is  always  cold,  making  the  drill  very 
uncomfortable.  A new  floor  of  hard  pine  should  be  laid  at  once,  for 
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use  during  the  winter  term,  the  best  material  being  used  in  its  con- 
struction. 

The  cost  of  putting  down  such  a floor  will  be  $525.  A gallery  also 
is  a much  needed  improvement.  At  present,  visitors  have  to  stand 
on  the  floor,  incommoding  themselves  and  interfering  with  the  drill, 
as  there  is  no  room  to  spare  for  their  accommodation.  A gallery  of 
the  required  dimensions  to  seat  one  hundred  persons  can  be  con- 
structed at  a cost  of  about  $100. 

In  regard  to  the  method  of  lighting  the  college  buildings  I can  only 
repeat  my  recommendations'  of  the  two  previous  years.  The  needs 
of  the  college  grow  more  and  more  urgent  every  year.  The  best 
method  of  supplying  this  need  is  by  the  introduction  of  electricity. 
At  present  the  danger  from  fire  is  very  great  and  will  continue  as 
long  as  kerosene  is  used  in  such  quantities  and  in  the  present 
manner. 

Battalion  Organization. 

Commandant  of  Cadets: — Lester  W.  Cornish,  First  Lieut.  Fifth  United 
States  Cavalry. 

Field  and  Staff: — Major,  E.  T.  Clark;  Adjutant,  H.  E.  Crane;  Quarter- 
master, R.  H.  Smith  ; Fire  Marshal,  C.  S.  Graham  ; Sergeant  Major,  F.  H. 
Henderson;  Quartermaster  Sergeant,  F.  S.  Hoyt. 

Color  Guard.  — Color  Sergeant,  C.  A.  Smith;  Color  Corporals,  H.  J. 
Harlow,  H.  F.  Staples,  and  H.  C.  Davis. 

Band.  — First  Sergeant,  E.  H.  Lehnert;  Drum  Major,  P.  E.  Davis. 


Company  A. 

Capt.,  G.  B.  Willard. 

First  Lieut.,  G.  E.  Taylor. 
Second  Lieut.,  J.  E.  Deuel. 
First  Sergt.,  A.  E.  Melendy. 
Second  Sergt.,  G.  F.  Curley. 
Corporal,  F.  A.  Smith. 

Company  C. 

Capt.,  E.  Rogers. 

First  Lieut.,  E.  B.  Holland. 
Second  Lieut.,  R.  P.  Lyman. 
First  Sergt.,  H.  D.  Clark. 
Second  Sergt  , C.  A.  Goodrich. 
Corporal,  J.  Baker. 


Company  B. 

Capt.,  W.  I Boynton. 

First  Lieut.,  F.  G.  Stockbridge. 
Second  Lieut.,  C.  M.  Hubbard. 
First  Sergt.,  L.  W.  Smith. 
Second  Sergt.,  F.  G.  Bartlett, 
Corporal,  E.  J.  Walker. 

Company  D. 

Capt.,  H.  B.  Emerson. 

First  Lieut.,  J.  L.  Field. 

Second  Lieut.,  H.  M.  Thomson. 
First  Sergt.,  J.  R.  Perry. 

Second  Sergt.,  J.  E.  Bardin. 
Corporal,  E.  A.  Hawks. 


Military  Prize.  — W.  H.  Bowker,  Class  of  ’71,  and  John  C.  Cutter,  Class 
of  72,  have  again  offered  a prize  of  $15.00  for  the  best  military  essay  by  a 
member  of  the  graduating  class. 


Respectfully  submitted, 

LESTER  W.  CORNISH, 

First  Lieutenant  Fifth  United  States  Cavalry , 

Professor  of  Military  Science  and  Tactics. 
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DEPARTMENT  OF  MENTAL  AND  POLITI- 
CAL SCIENCE. 


Prof.  Chas.  H.  Ferstald,  Acting  President. 

Sir  : — I present  herewith  the  following  report : — 

To  the  department  of  Mental  and  Political  Science  have  been 
assigned  mental  science,  political  economy,  constitutional  history, 
rhetoric,  the  compositions  of  the  junior  class  during  the  fall  term,  the 
essays,  debates  and  theses  of  the  senior  class,  and  the  Chaplaincy  of 
the  College. 

Mental  Science  has  for  its  object  of  study  the  mind  itself,  and  the 
brain  considered  as  the  instrument  of  thought.  The  purpose  has 
been  steadfastly  adhered  to,  of  making  the  student  familiar  with  the 
working  of  his  own  brain  and  acquainted  with  his  own  faculties  of 
mind  and  powers  of  thought,  to  the  end  that  he  may  train  himself  to 
think  clearly,  persistently,  forcibly,  to  useful  and  practical  ends. 
The  phenomena  of  mind  are  pointed  out  that  they  may  be  carefully 
observed,  precisely  defined,  classified  properly,  and  rationally  inter- 
preted. The  conditions  and  laws  of  thought  are  clearly  set  forth,  so 
that  the  student,  by  fulfiling  the  conditions  and  obeying  the  laws, 
may  discover  his  own  mental  weaknesses  and  remedy  them,  thereby 
training  his  senses  to  do  better  work,  making  his  perceptions  quicker 
and  clearer,  his  memory  stronger  and  more  trustworthy,  his  imagina- 
tion more  creative,  his  powers  of  generalization,  of  interpretation,  of 
deductive  and  inductive  reasoning  more  energetic  and  sure  of  reaching 
independent  and  truthful  results.  Especial  care  is  taken  to  train  the 
mind  to  collect  data,  to  discriminate  essentials  from  unessentials,  to 
discover  the  law  in  phenomena,  and  from  known  laws  to  derive 
wider  applications  to  particular  cases  and  new  problems.  These  ends 
are  made  prominent  that  the  agriculturist,  or  mechanic,  may  make  his 
manual  labor  and  many  experiments  profitable  by  knowing  how  to 
put  thought  into  his  work  and  to  recognize  the  value  of  a new  idea 
when  he  finds  it. 

The  study  of  mental  science  is  pursued  the  first  term  of  the  senior 
year  and  so  prepares  the  way  for  the  course  in  Political  Economy 
which  follows  in  the  winter  term.  Care  is  taken  to  make  plain  the 
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elements  of  the  science  of  American  economics  and  to  give  the 
student  such  a knowledge  of  the  essential  data  and  of  the  accepted 
principles  and  methods  of  investigation  and  reasoning  as  shall  enable 
him  to  understand  the  living  questions  of  the  day,  to  comprehend 
current  discussions,  and  to  arrive  at  conclusions  which  shall  commend 
themselves  to  his  own  best  judgment  and  be  such  as  he  shall  be  able 
to  defend  against  attack.  Especial  pains  are  taken  to  show  how  the 
farmer,  who  has  produced  crops  of  the  best  quality,  at  the  lowest 
cost,  may  exchange  them  to  the  best  advantage  and  thus  increase  his 
own  wealth  while  benefiting  all  classes  of  society. 

Constitutional  History  is  taught  the  last  term  of  the  senior  year, 
after  the  class  has  had  the  preparatory  training  in  Mental  Science 
and  Political  Economy.  Beginning  with  the  town,  the  student  goes 
on  to  consider  the  city,  the  county,  the  State  and  the  federal  govern- 
ment. American  political  institutions  are  carefully  examined,  as 
they  are  set  forth  in  constitutional  and  statute  law  and  as  they  are 
embodied  in  the  customs  and  habits  of  the  people  and  of  the  parties. 
The  excellencies  and  evils  of  our  institutions  are  disclosed  and 
remedies  suggested  and  discussed.  The  history  of  our  government 
is  studied  and  the  origin  and  evolution  of  present  institutions  are 
shown.  In  all  the  work  the  end  kept  prominently  before  the  mind  is 
the  practical  one  of  fitting  the  young  man  for  the  duties  of  the 
citizen. 

The  instruction  in  Rhetoric  has  been  adapted  to  the  varying  neces- 
sities of  different  classes.  The  aim  has  been  to  teach  the  man  to 
think  clearly,  forcibly  and  with  discernment  and  good  taste,  and  so 
let  the  clear,  forcible  and  beautiful  thought  compel  clearness,  force 
and  beauty  in  the  style.  While  principles  and  rules  have  been  taught, 
the  necessity  of  practice  has  been  insisted  upon.  Daily  exercises  in 
writing  have  been  required  from  each  student,  together  with  more 
formal  essays.  Topics  have  been  assigned,  which  have  compelled 
the  writers  to  search  far  and  wide  for  material ; investigating  things, 
consulting  libraries,  questioning  men. 

In  directing  the  essays  of  both  classes,  the  idea  of  cooperation  has 
been  kept  prominently  in  view.  Each  man  is  required  to  do  his  best, 
to  do  original  work  in  the  investigation  of  the  topic  assigned  him, 
and  then  to  give  the  class,  in  the  best  form  possible,  the  results  of 
his  labor,  stimulated  all  the  while  by  the  assurance  that  he  shall  have 
the  valuable  results  of  the  labors  of  all  the  other  members  of 
the  class.  In  this  way,  during  the  last  two  years  of  his  college 
course,  the  student  is  afforded  a view  of  American  and  English  men 
of  letters  and  statesmen,  and  participates  in  a serious  discussion  of 
the  practical  and  social  questions  of  the  day  in  the  field  of  morals, 
economics,  education  and  political  life. 
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In  the  accomplishment  of  these  several  ends  of  the  department, 
no  one  method  has  been  exclusively  used,  but  any  and  every  method 
that  has  proved  itself  best  adapted  to  the  varying  necessities  of  dif- 
ferent classes  and  to  the  requirements  of  the  several  individuals  of 
each  class.  The  student  has  never  been  sacrificed  to  the  subject 
taught,  but  the  endeavor  has  always  been  made  to  so  present  the  sci- 
ence that  it  may  be  most  thoroughly  mastered  by  the  pupil,  in  the 
shortest  possible  time,  with  the  greatest  ease  and  interest  attainable 
under  the  circumstances.  Text  books  and  lectures,  formal  and 
informal,  have  been  used.  In  the  discussion  of  economic  and  politi- 
cal questions  the  constant  aim  of  the  lecturer  has  been  simply  to  help 
the  student  to  do  his  own  thinking  and  to  come  to  his  own  conclu- 
sions after  a fair  and  full  consideration  of  the  facts  and  principles 
from  the  best  points  of  view  within  reach. 

A very  important  duty  has  devolved  upon  the  Professor  of  Mental 
and  Political  Science,  requiring  no  small  amount  of  time  and  strength. 
This  is  conducting  morning  prayers  and  the  service  on  Sunday  in  the 
Stone  Chapel.  Guided  strictly  by  the  principles  enjoined  upon  him 
by  constitutional  and  statute  law,*  he  has  endeavored  to  avoid  all 
sectarianism  and  to  make  all  his  ministrations  tend  to  develop  in  his 
hearers  the  highest  type  of  Christian  manhood. 

Respectfully  submitted, 


C.  S.  WALKER. 

* See  Constitution  of  Massachusetts,  chapter  V.,  section  II.,  and  Statutes,  chapter  44, 
section  15. 
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CALENDAR  FOR  1892-93. 


1892. 

January  5,  Tuesday,  winter  term  begins,  at  8.15  a.m. 

March  24,  Thursday,  winter  term  closes,  at  10.30  a.m. 

April  5,  Tuesday,  spring  term  begins,  at  8.15  a.m. 

Baccalaureate  Sermon. 

Address  before  the  Young  Men’s 
Christian  Union. 

Prize  Speaking. 

Grinnell  Prize  Examination  of  the  Senior 
Class  in  Agriculture. 

Meeting  of  the  Alumni. 

Military  Exercises. 

President’s  Reception. 

Commencement  Exercises. 

Meeting  of  Trustees. 

June  23,  Thursday,  examinations  for  admission,  at  9 a.m.,  Botanic 
Museum,  Amherst;  at  Jacob  Sleeper  Hall,  Boston  University,  8 
Somerset  street,  Boston ; and  at  the  Sedgwick  Institute,  Great 
Barrington. 

September  6,  Tuesday,  examinations  for  admission,  at  9 a.m.,  Botanic 
Museum. 

September  7,  Wednesday,  fall  term  begins,  at  8.15  a.m. 

December  23,  Friday,  fall  term  closes,  at  10.30  a.m. 

1893. 

January  3,  Tuesday,  winter  term  begins,  at  8.15.  a.m. 

March  23,  Thursday,  winter  term  closes,  at  10.30  a.m. 


[ 

June  19,  Sunday.  ^ 

l 


June  20,  Monday. 


June  21,  Tuesday. 
June  22,  Wednesday. 
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THE  CORPORATION. 


THOMAS  P.  ROOT  of  Barre  Plains, 

J.  HOWE  DEMOND  of  Northampton, 
FRANCIS  H.  APPLETON  of  Lynnfield, 
WILLIAM  WHEELER  of  Concord, 

ELIJAH  W.  WOOD  of  West  Newton,  . 
CHARLES  A.  GLEASON  of  New  Braintree, 
DANIEL  NEEDHAM  of  Groton,  . 

JAMES  DRAPER  of  Worcester, 

HENRY  S.  HYDE  of  Springfield,  . 

MERRITT  I.  WHEELER  of  Great  Barrington, 
JAMES  S.  GRINNELL  of  Greenfield,  . 
JOSEPH  A.  HARWOOD  of  Littleton,  . 
WILLIAM  H.  BOWKER  of  Boston, 

J.  D.  W.  FRENCH  of  Boston, 


Term  expires 

. 1893 

. 1893 

. 1894 

. 1894 

. 1895 

. 1895 

. 1896 

. 1896 

. 1897 

. 1897 

. 1898 

. 1898 

. 1899 

. 1899 


Members  Ex-Officio. 

His  Excellency  Governor  WILLIAM  E.  RUSSELL,  Presideyit  of 
the  Corporation. 

HENRY  H.  GOODELL,  President  of  the  College. 

JOHN  W.  DICKINSON,  Secretary  of  the  Board  of  Education. 
WILLIAM  R.  SESSIONS,  Secretary  of  the  Board  of  Agriculture. 


JAMES  S.  GRINNELL  of  Greenfield, 
Vice-President  of  the  Corporation . 


WILLIAM  R.  SESSIONS  of  Hampden,  Secretary. 


GEORGE  F.  MILLS  of  Amherst,  Treasurer , pro  tern. 


CHARLES  A.  GLEASON  of  New  Braintree,  Auditor. 
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Committee  on  Finance  and  Buildings.* 
JAMES  S.  GRINNELL.  HENRY  S.  HYDE. 

J.  HOWE  DEMOND.  CHARLES  A.  GLEASON. 

DANIEL  NEEDHAM,  Chairman. 


Committee  on  Course  of  Study  and  Faculty.  * 
THOMAS  P.  ROOT.  FRANCIS  H.  APPLETON. 

WILLIAM  H.  BOWKER.  J.  D.  W.  FRENCH. 

WILLIAM  WHEELER,  Chairman. 


Committee  on  Farm  and  Horticultural  Departments.  * 
ELIJAH  W.  WOOD.  JAMES  DRAPER. 

JOSEPH  A.  HARWOOD.  MERRITT  I.  WHEELER. 

WILLIAM  R.  SESSIONS,  Chairman. 


Committee  on  Experiment  Department.  * 
DANIEL  NEEDHAM.  ELIJAH  W.  WOOD. 

WILLIAM  WHEELER.  JAMES  DRAPER. 

WILLIAM  R.  SESSSIONS,  Chairman. 


Board  of  Overseers. 

THE  STATE  BOARD  OF  AGRICULTURE. 


Examining  Committee  of  Overseers. 


W.  A.  KILBOURN, 

A.  C.  VARNUM, 

GEORGE  CRUICKSHANKS, 
P.  M.  HARWOOD,  . 

DR.  WILLIAM  HOLBROOK, 
C.  A.  MILLS,  . 


. op  South  Lancaster. 

. of  Lowell. 

. op  Fitchburg. 

. of  Barre. 

. op  Palmer. 

. op  South  Williamstown. 


The  Faculty. 

HENRY  H.  GOODELL,  LL.D.,  President , 
Professor  of  Modern  Languages  and  English  Literature. 


* The  President  of  the  college  is  ex-officio  a member  of  each  of  the  above  committees. 
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LEVI  STOCKBRIDGE, 

Professor  of  Agriculture,  Honorary. 

CHARLES  A.  GOESSMANN,  Pk.D.,  LL.D., 
Professor  of  Chemistry. 

SAMUEL  T.  MAYNARD,  B.  Sc., 

Professor  of  Botany  and  Horticulture. 

CLARENCE  D.  WARNER,  B.  Sc., 

Professor  of  Mathematics  and  Physics. 

CHARLES  WELLINGTON,  Ph.  D., 

Associate  Professor  of  Chemistry. 

CHARLES  H.  FERNALD,  Pk.  D., 

Professor  of  Zoology. 

Rev.  CHARLES  S.  WALKER,  Pk.  D., 

Professor  of  Mental  and  Political  Science. 

WILLIAM  P.  BROOKS,  B.  Sc.,  ‘ 

Professor  of  Agriculture. 

LESTER  W.  CORNISH,  1st  Lieut.  5th  Cavalry,  U.  S.  A., 
Professor  of  Military  Science  and  Tactics . 

GEORGE  F.  MILLS,  M.  A., 

Professor  of  English. 

JAMES  B.  PAIGE,  V.  S., 

Professor  of  Veterinary  Science. 

ROBERT  W.  LYMAN, 

Lecturer  on  Farm  Law. 

HENRY  H.  GOODELL,  LL.D., 

Librarian. 

FRED  S.  COOLEY,  B.  Sc., 

Farm  Superintendent. 
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Graduates  of  1891.* 


Arnold,  Frank  Luman  (Boston  Univ.),  . 
Brown,  Walter  Augustus  (Boston  Univ.), 
Carpenter,  Malcolm  Austin  (Boston  Univ.),  . 
Eames,  Aldice  Gould  (Boston  Univ.),  . 

Felt,  Ephraim  Porter  (Boston  Univ.),  . 
Field,  Henry  John  (Boston  Univ.), 

Gay,  Willard  Weston  (Boston  Univ.),  . 
Horner,  Louis  Frederic  (Boston  Univ.), 
Howard,  Henry  Merton  (Boston  Univ.), 
Hull,  Jr.,  John  Byron  (Boston  Univ.),  . 
Johnson,  Charles  Henry  (Boston  Univ.), 
Lage,  Oscar  Vidal  Barboza  (Boston  Univ.), 

Legate,  Howard  Newton  (Boston  Univ.), 
Magill,  Claude  Albion  (Boston  Univ.), 
Paige,  Walter  Cary,  (Boston  Univ.), 
Buggies,  Murray  (Boston  Univ.),  . 

Sawyer,  Arthur  Henry  (Boston  Univ.), 
Shores,  Harvey  Towle  (Boston  Univ.), . 

Total, . 


Belchertown. 

Feeding  Hills. 

Leyden. 

North  Wilmington. 
Northborough. 

Leverett. 

Georgetown. 

Newton  Highlands. 
Franklin. 

Stockbridge. 

Prescott. 

Juiz  de  Fora,  Minas-Geraes, 
Brazil. 

Sunderland. 

Amherst. 

Amherst. 

Milton. 

Sterling. 

West  Bridgewater. 

18. 


Beals,  Alfred  Tennyson, 
Boynton,  Walter  Ira, 

Clark,  Edward  Thornton, 
Crane,  Henry  Everett,  . 
Deuel,  James  Edward,  . 
Emerson,  Henry  Bennett, 
Field,  Judson  Leon, 

Fletcher,  William,  . 

Graham,  Charles  Sumner, 
Holland,  Edward  Bertram, 
Hubbard,  Cyrus  Moses,  . 
Knight,  Jewell  Bennett, 
Lyman,  Richard  Pope,  . 
Plumb,  Frank  Herbert,  . 
Rogers,  Elliot, 

Smith,  Robert  Hyde, 
Stockbridge,  Francis  Granger, 
Taylor,  George  Everett, 
Thomson,  Henry  Martin, 
West,  Homer  Cady, 

Willard,  George  Bartlett, 
Williams,  Milton  Hubbard,  . 
Total,  . 


Class. 

. Greenfield. 

. North  Amherst. 

. Granby. 

. Weymouth. 

. Amherst. 

. Gloucester. 

. Leverett. 

. Chelmsford. 

. Holden. 

. Amherst. 

. Sunderland. 

. Belchertown. 

. Boston. 

. Westfield. 

. Allston. 

. Amherst. 

. North  field. 

. Shelburne. 

. Monterey. 

. Belchertown. 

. Waltham. 

. Sunderland. 

22, 


Senior 


* The  annual  report,  being  made  in  January,  necessarily  includes  parts  of  two  aca- 
demic years,  and  the  catalogue  bears  the  names  of  such  students  as  havQ  been  con- 
nected with  the  college  during  any  portion  of  the  year  1891. 
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or  Class. 


Baker,  Joseph, 

Bardin,  James  Edgar, 

Bartlett,  Fred  Goff, 

Clark,  Henry  Disbrow,  . 
Curley,  George  Frederick, 
Davis,  Herbert  Chester,  . 
Goodrich,  Charles  Augustus,  . 
Harlow,  Francis  Turner, 
Harlow,  Harry  James,  . 
Hawks,  Ernest  Alfred,  . 
Henderson,  Frank  Howard,  . 
Howard,  Edwin  Carleton, 
Hoyt,  Franklin  Sherman, 
Kellogg,  John  Hawkes,  . 
Lehnert,  Eugene  Hugo,  . 
Melendy,  Alphonso  Edward,  . 
Pember,  Walter  Stephen, 
Perry,  John  Richards, 

Ranney,  William  Henry, 
Sedgwick,  Benjamin, 

Smith,  Cotton  Atwood,  . 
Smith,  Fred  Andrew, 

Smith,  Luther  Williams, 
Staples,  Henry  Franklin, 
Tinoco,  Luiz  Antonio  Ferreira, 
Walker,  Edward  Joseph, 

Total,  .... 


Sophomore 

Alderman,  Edwin  Hammond, 

Austin,  John,  . . . 

Averell,  Fred  Gilbert, 

Bacon,  Linus  Hersey, 

Bacon,  Theodore  Spalding, 

Barker,  Louis  Morton,  . 

Barton,  Charles  Henry,  . 

Boardman,  Edwin  Loring, 

Brown,  Charles  Leverett, 

Cook,  Jay  Erastus,  . 

Curtis,  Arthur  Clement,  . 

Cutter,  Arthur  Hardy,  . 

Davis,  Perley  Elijah, 

Dickinson,  Eliot  Taylor, 

Duffield,  William  Charles, 

Fowler,  HaHey  Melville, 

Fowler,  Henry  Justin,  . 

Gifford,  John  Edwin, 


. Dudley. 

. Dalton. 

. Hadley. 

. Plainfield. 

. Upton. 

. Amherst. 

. Hartford,  Conn. 

. Marshfield. 

. Shrewsbury. 

. Williamsburg. 

. Lynn. 

. Wilbraham. 

. Newtown,  Conn. 

. Hartford,  Conn. 

. Clinton. 

. Sterling. 

. Walpole. 

. Boston. 

. South  Ashfield. 

. Cornwall  Hollow,  Conn. 

. North  Hadley. 

. Lynn. 

. Ashfield. 

. Leominster. 

. Campos,  Rio  Janeiro,  Brazil. 
. West  Berlin. 
26. 


Class. 

. Middlefield. 

. Belchertown. 

. Amherst. 

. Spencer. 

. Natick. 

. Hanson. 

. Dalton. 

. Sheffield. 

. Feeding  Hills. 

. Hadley. 

. Littleton  Common. 
. Pelham,  N.  H. 

. Worcester. 

. Amherst. 

. Quincy  Point. 

. South  Gardner. 

. North  Hadley. 

, Brockton. 
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Goessmann,  Louis  Edward,  . 
Goodell,  John  Stanton,  . 
Greene,  Frederic  Lowell, 
Greene,  Ira  Charles, 

Higgins,  Charles  Herbert, 
Howard,  Samuel  Francis, 
Johnson,  Charles  Frederic,  . 
Jones,  John  Horace, 

Keith,  Thaddeus  Fayette, 
Kirkland,  Archie  Howard, 
Lewis,  Henry  Waldo, 
Lounsbury,  Charles  Pugsley, 
Manley,  Lowell, 

Mann,  Henry  Judson, 

Marvin,  Samuel  Barnard, 
Merwin,  George  Henry,  . 

Morse,  Alvertus  Jason,  . 
Morse,  Elisha  Wilson,  . 

Park,  Fred  Ware,  . 

Parker,  Frank  Ingram,  . 
Parker,  Jacob, 

Pomeroy,  Rdbert  Ferdinand,  . 
Putnam,  Joseph  Harry,  . 
Robbins,  Dana  Watkins, 
Sanderson,  William  Edwin,  . 
Sanford,  George  Otis, 

Shepard,  Lucius  Jerry,  . 
Smead,  Horace  Preston, 

Smith,  George  Eli,  . 

Smith,  Ralph  Eliot, 

Spaulding,  Charles  Harrington, 
Stock  well,  Harry  Griggs, 
Streeter,  Albert  Richmond,  . 
Sullivan,  Maurice  John, 

Toole,  Stephen  Peter, 

Walker,  Claude  Frederic,. 
White,  Elias  Dewey, 

Total,  .... 


. Amherst. 

. Amherst. 

. Shrewsbury. 

. Fitchburg. 

. Dover. 

. Wilbraham. 

. Littleton. 

. Pelham. 

. Fitchburg. 

. Norwich. 

. Rockland. 

. Allston. 

. Brockton. 

. Maplewood. 

. Richford,  Vt. 

. Westport,  Conn. 

. Belchertown. 

. Brockton. 

. South  Chelmsford. 

. Pittsfield. 

. Plymouth. 

. South  Worthington. 

. West  Sutton. 

. Walpole. 

. Hingham. 

. Winchendon. 

. Oakdale. 

. Greenfield. 

. Sheffield. 

. Newton  Centre. 

. East  Lexington. 

. Sutton. 

. Cummington. 

. Amherst. 

. Amherst. 

. Amherst. 

. South  Sherborn. 
55, 


Freshman  Class. 


Bagg,  Edward  Oren, 
Ballou,  Henry  Arthur,  , 
Bemis,  Waldo  Louis, 
Billings,  George  Austin, 
Brown,  Mendall  Howard, 
Brown,  William  Clay,  . 
Burgess,  Albert  Franklin, 
Clark,  Edile  Hale,  . 
Cooley,  Robert  Allen, 


. . West  Springfield. 

. . West  Fitchburg. 

. . Spencer. 

. . South  Deerfield. 

. Amherst. 

. . Peabody. 

. . Rockland. 

. . Spencer. 

. . South  Deerfield. 
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Crehore,  Charles  Winfred, 
Davis,  Alfred,  . 

Dickinson,  Charles  Morrison, 
Drury,  Ralph  Willard,  . 
Dwyer,  Elmer  Francis,  . 
Fairbanks,  Herbert  Stockwell 
Foley,  Thomas  Patrick,  . 
Frost,  Harold  Locke, 

Haskell,  Ernest  Albert,  . 
Hemenwav,  Herbert  Daniel, 
Henderson,  Edward  Harris, 
Hubbard,  Guy  Augustus, 
Jones,  Robert  Sharp, 

Kuroda,  Shiro, 

Lane,  Clarence  Bronson, 
Marsh,  Jasper, 

Mason,  Amos  Hall, 

Morse,  Walter  Levi, 

Potter,  Daniel  Charles,  . 
Read,  Henry  Blood, 

Root,  Wright  Asahel, 

Sastre  Verand,  Salome,  . 

Shaw,  Frederic  Bridgman, 
Smith,  Arthur  Bell, 

Stevens,  Clarence  Liudon, 
Taylor,  Effod  Earl, 

Tobey,  Frederic  Clinton, 
Yolio,  Enrique  Tinoco,  . 
Warren,  Frank  Lafayette, 
Weed,  Percy  Loring, 
Wentzell,  William  Benjamin, 
White,  Edward  Albert,  . 
Williams,  John  Sherman, 
Woodbury,  Roger  Atwater, 
Total, 


. Chicopee. 

. West  Roxbury. 

. Park  Ridge,  III. 

. Athol  Centre. 

. Lynn. 

. Amherst. 

. Natick. 

. Arlington. 

. Amherst. 

. Williamsville. 

. Malden. 

. Ashby. 

. Dover. 

. Shobara,  Japan. 

. Killingworth,  Conn. 

. Danvers  Centre. 

. Medfield. 

.'  Middleborough. 

. Fairhaven. 

. Westford. 

. Deerfield. 

. Had,  Esquipulas,  Cundua 
can,  Tabasco,  Mexico. 

. South  Amherst. 

. North  Hadley. 

. Sheffield. 

. North  Amherst. 

. West  Stockbridge. 

. San  Jose,  Costa  Rica. 

. Shirley. 

. Boston. 

. Amherst. 

. Fitchburg. 

. Middleborough. 

. Cheshire,  Conn. 
43. 


Resident  Graduates  at  the  College  and  Experiment  Station, 
Arnold,  B.  Sc.,  Frank  Luman  (Boston  Univ.),  Belchertown. 

Cooley,  B.  Sc.,  Fred  Smith,  ....  Sunderland. 

Court,  William  Boyce  (Mcgill  Univ.),  . Montreal,  Canada. 
Crocker,  B.  Sc.,  Charles  Stoughton  (Boston 

Univ.), Sunderland. 

Field,  B.  Sc.,  Henry  John  (Boston  Univ.),  . Leveret.t. 

Haskins,  B.  Sc.,  Henry  Darwin,  (Boston 

Univ.), North  Amherst. 

Johnson,  B.  Sc.,  Charles  Henry  (Boston 

Univ.), Prescott. 
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Jones,  B.  Sc.,  Charles  Howland  (Boston 

Univ.), 

Loring,  B.  Sc.,  John  Samuel  (Boston  Univ.), 
Moore,  B.  Sc.,  Robert  Bostwick  (Boston 
Univ.),  ....... 

Ono,  B.  Agr.,  Saburo  (Sapporo  Agricultural 

College), 

Parsons,  B.  Sc.,  Wilfred  Atherton, 
Shepardson,  B.  Sc.,  William  Martin  (Boston 

Univ.), 

Smith,  B.  Sc.,  Frederic  Jason  (Boston  Univ.), 
West,  B.  Sc.,  John  Sherman  (Boston  Univ.), 
Williams,  B.  Sc.,  Frank  Oliver  (Boston 

Univ.), 

Woodbury,  B.  Sc.,  Herbert  Elwell, 

Total,  . . . . 


Downer’s  Grove,  111. 
Shrewsbury. 

Framingham. 

Ono,  Echizen,  Japan. 
Southampton. 

Warwick. 

North  Hadley. 
Belchertown. 

Sunderland. 

Gloucester. 

. 17, 


Summary, 


Resident  Graduates, 17 

Graduates  of  1891, 18 

Senior  class, 22 

Junior  class, 26 

Sophomore  class, 55 

Freshman  class, 43 

Total, 181 

Counted  twice, 3 

Total, 178 


COURSE  OF  STUDY. 

Freshman  Year. 
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TEXT  BOOKS. 

Wood  — “ The  American  Botanist  and  Florist.” 

Gray  — “ Manual.” 

Long  — “ How  to  Make  the  Garden  Pay.” 

Long  — “ Ornamental  Gardening.” 

Fuller  — “ Practical  Forestry.” 

Maynard  — “ Practical  Fruit  Grower  ” 

McAlpine  — “ How  to  know  Grasses  by  their  Leaves.” 

Fisher  — “Classbook  of  Elementary  Chemistry.” 

Roscoe  — “ Lessons  in  Elementary  Chemistry.” 

Roscoe  and  Schorlemmer  — “ Treatise  on  Chemistry.” 

Wills  — “ Tables  for  Qualitative  Chemical  Analysis.” 

Fresenius  — “ Qualitative  Chemical  Analysis” 

Fresenius  — “ Quantitative  Chemical  Analysis  ” 

Dana  — “Manual  of  Mineralogy  and  Lithology.” 

Brush  — “ Manual  of  Determinative  Mineralogy.” 

Wells  — “ College  Algebra.” 

Dana  — “ Mechanics.” 

Wentworth  — “ Plane  and  Solid  Geometry.” 

Carhart  — “ Surveying.” 

Warner  — “ Mensuration.  ’ 

Wells  — “ Plane  and  Spherical  Trigonometry.” 

Atkinson's  Ganot’s  Physics. 

Loomis  — “ Meteorology.” 

Porter  — “The  Elements  of  Intellectual  Science.” 

Genung  — “The  Practical  Elements  of  Rhetoric.” 

Walker  — “Political  Economy,”  abridged  edition. 

Emerson  — “Evolution  of  Expression.” 

Lockwood  — “Lessons  in  English.” 

Comstock  — “ First  Latin  Book.” 

CAESAR  — “ The  Invasion  of  Britain.” 

Whittier,  No.  4;  Longfellow,  Nos.  33,  34,  35;  Lowell,  No.  39  — 
“ Riverside  Literature  Series.” 

Sprague  — “Six  Selections  from  Irving's  Sketch-Book.” 

Hudson  — “ Selections  of  Prose  and  Poetry.”  Webster,  Burke,  Addison, 
Goldsmith,  Shakespeare. 

Genung  — “ Handbook  of  Rhetorical  Analysis.” 

Whitney  — “ French  Grammar.” 

Kellogg  — “ English  Literature.” 

White  — “Progressive  Art  Studies.” 

To  give  not  only  a practical  but  a liberal  education  is  the  aim  in 
each  department ; and  the  several  courses  have  been  so  arranged  as 
to  best  subserve  that  end.  Weekly  exercises  in  composition  and 
declamation  are  held  throughout  the  course.  The  instruction  in 
agriculture  and  horticulture  is  both  theoretical  and  practical.  A 
certain  amount  of  labor  is  required  of  each  student,  and  the  lessons 
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of  the  recitation  room  are  practically  enforced  in  the  garden  and 
field.  Students  are  allowed  to  work  for  wages  during  such  leisure 
hours  as  are  at  their  disposal.  Under  the  act  by  which  the  college 
was  founded  instruction  in  military  tactics  is  made  imperative  ; and 
each  student,  unless  physically  debarred,*  is  required  to  attend  such 
exercises  as  are  prescribed,  under  the  direction  of  a regular  army 
officer  stationed  at  the  college. 


ADMISSION. 

Candidates  for  admission  to  the  freshman  class  are  examined, 
orally  and  in  writing,  upon  the  following  subjects  : English  grammar, 
geography,  arithmetic,  algebra,  to  quadratic  equations  including 
radicals,  the  metric  system,  and  the  history  of  the  United  States. 
The  standard  required  is  sixty-five  per  cent,  on  each  paper. 

Candidates  for  higher  standing  are  examined  as  above,  and  also  in 
the  studies  gone  over  by  the  class  to  which  they  desire  admission. 

No  one  can  be  admitted  to  the  college  until  he  is  fifteen  years  of 
age.  Every  applicant  is  required  to  furnish  a certificate  of  good 
character  from  his  late  pastor  or  teacher.  Candidates  are  requested 
to  furnish  the  examining  committee  with  their  standing  in  the  schools 
they  have  last  attended.  The  previous  rank  of  a candidate  will  be 
considered  in  admitting  him.  The  regular  examinations  for  admission 
are  held  at  the  Botanic  Museum,  at  nine  o’clock  a.m.,  on  Thursday, 
June  23,  and  on  Tuesday,  September  6 ; but  candidates  may  be 
examined  and  admitted  at  any  other  time  in  the  year.  For  the 
accommodation  of  those  living  in  the  eastern  part  of  the  State,  exami- 
nations will  also  be  held  at  nine  o’clock  a.m.,  on  Thursday,  June  23, 
at  Jacob  Sleeper  Hall,  Boston  University,  8 Somerset  Street,  Boston  ; 
and,  for  the  accommodation  of  those  in  the  western  part  of  the 
State,  at  the  same  date  and  time,  at  the  Sedgwick  Institute,  Great 
Barrington,  by  James  Bird. 


ENTRANCE  EXAMINATION  PAPERS  USED  IN  1891 

Metric  System. 

1 . When  and  where  did  the  Metric  System  originate  ? 

2.  What  is  the  base  of  the  Metric  System? 

3.  Name  the  principal  units  and  give  their  equivalents. 

4.  Write  the  tables  for  Long  Measure  and  Liquid  Measure. 

* Certificates  of  disability  must  be  procured  from  Dr.  D.  B.  N.  Fish  of  Amherst. 
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5.  How  many  ares  in  a floor  1.25  metres  long  and  8.7  metres 
wide? 

6.  How  many  metres  of  a carpet  nine  decimetres  wide  will  cover 
a floor  six  metres  long  and  five  and  four-tenths  metres  wide?  and 
what  would  be  the  cost  of  the  carpet,  at  $2.50  a centare? 

7.  In  2 miles,  6 furlongs,  39  rods,  and  5 yards,  how  many  kilo- 
metres ? 

8.  What  will  be  the  cost  of  a pile  of  wood  42.5  metres  long,  2 
metres  high,  1.9  metres  wide,  at  $2  per  stere? 

9.  A grocer  buys  butter  at  $0.28  per  pound,  and  sells  it  at  $0.60 
per  kilogram.  Does  he  gain  or  lose,  and  what  per  cent.  ? 

10.  A merchant  bought  240  metres  of  silk  at  $2,  and  sold  it  at 
$1.95  per  yard.  Did  he  gain  or  lose,  and  how  much? 

Grammar  and  Composition. 

1.  Define  Etymology;  Syntax. 

2.  What  is  meant  by  Parts  of  Speech?  Name  them. 

3.  How  many  cases  are  there?  Which  parts  of  speech  have 
case?  Name  the  regular  constructions  in  which  the  objective  case  is 
used. 

4.  What  is  conjugation?  Name  the  modes  of  the  verb.  What 
is  tense?  Name  the  tenses  of  the  indicative  mode. 

5.  What  is  a sentence?  How  are  sentences  classified  according 
to  form?  What  is  a clause?  a phase? 

6.  Parse  the  words  in  italics  in  the  following : 

Stand ! the  ground's  your  own  my  braves  ! 

Will  ye  give  it  up  to  slaves? 

Will  ye  look  for  greener  graves  ? 

Hope  ye  mercy  still  ? 

7.  Construct  a complex  declarative  sentence  from  words  in  the 
above  lines. 

8.  Write  correctly  the  following  sentences  : (a)  Tom  stared  at 

me  and  I wished  I was  home.  ( h ) There  was  a grand  baloon 
ascension  which  landed  at  west  roxbury.  (c)  Where  did  you  get 
that  book  from?  You  hadn’t  ought  to  have  it. 

9.  Write  the  title  of  any  six  books  that  you  have  read  since  Jan. 

1,  1889.  10.  Write  a composition  of  at  least  one  hundred  words  on 

one  of  the  following  subjects : (a)  My  purpose  in  entering  the 

Massachusetts  Agricultural  College.  (5)  The  Life  of  a Farmer, 
(c)  Base-ball. 

Arithmetic. 

1.  What  is  a prime  number?  a composite  number?  Give  examples 
of  each. 

2.  Find  the  least  common  multiple  of  30,  32,  36,  40,  48. 
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3.  Write  down  in  the  order  of  their  magnitude  T5L-,  T7g, 

4.  Divide  3|  of  11£-}-  7£  by  * of  7£. 

5.  Define  Proportion  and  solve  the  following  problem  : If  a man 
walk  96  miles  in  5 days,  walking  6 hours  a day,  in  how  many  days 
will  he  walk  480  miles,  walking  5 hours  a day. 

6.  Define  Simple  and  Compound  intere  A.  Find  the  interest  on 
$2,438.80  from  January  3 to  May  26  at  four  per  cent,  per  annum. 

7.  Goods  which  cost  $35  are  sold  for  $42  : find  the  profit  per  cent. 

8.  Find  the  cube  root  of  2,222.  447,625. 

9.  What  is  the  difference  between  Bank  Discount  and  true 
Discount?  Find  the  Present  Value  of  a bill  for  $907.20  due  two 
years  hence  at  four  per  cent. 

10.  How  much  will  a load  of  wood  12  feet  long,  4J  feet  wide, 
and  42  inches  high  cost  at  $8  per  cord? 

Algebra . 

1 . What  is  an  algebraic  expression  ? 

2.  Define  coefficient,  exponent,  trinomial,  and  give  the  law  of  signs 

in  Multiplication  and  Division. 

3.  Divide  xs  -f-  %3  — 125z3  -f-  SOxyz  by  x -|-  2y  — 5 z. 

4.  Reduce  to  its  lowest  terms  : 

x 2 — 8aj  -j-  5 x2  — x — 20 

and  

2a^ — 13#+  21  2a;2 — lx — 15 

5.  Solve:  2x-\-l  8 2a; — 1 

2a; — 1 4a;2 — 1 2a;  -(- 1 

6.  Solve:  3a;  — 2y=z28. 

2a;-}-  5y  = 63. 

7.  Find  the  cube  root  of  : 

a:6  + 1 — 6x  — 6a;5  + 15a;2  + 15a;4  — 20ar3. 

8.  Divide  a;  — — n + lby — xh  — 1. 

9.  Find  the  square  root  of  75  -f-  12  \/  21. 

10.  Solve  V 32  -f-  a;  = 1 6 — \/  x. 


Geography. 

1 . Describe  the  processes  by  which  the  water  of  the  sea  returns 
to  the  sources  of  the  rivers. 

2.  Account  for  the  difference  of  temperature,  in  our  latitude,  in 
January  and  July. 

3.  Name  five  prominent  peninsulas  of  North  America. 
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4.  Name  the  States  in  which  these  lakes  are  located  : Moosehead, 
Okeechobee,  Winnepesaukee,  Pontchartrain,  Itasca. 

5.  Draw  an  outline  map  of  Massachusetts,  and  locate  upon  it  the 
following:  (a)  Cities  and  towns,  — Boston,  Lowell,  Springfield, 
Amherst,  Plymouth.  ( b ) Rivers,  — Merrimac,  Charles,  Connecticut, 
(c)  Mountains,  — Holyoke,  Wachusett,  Greylock. 

6.  Bound  South  Dakota.  Describe  the  shortest  water  route  from 
New  York  to  San  Francisco. 

7.  In  which  State  and  on  what  river  is  each  of  these  cities  located  : 
Memphis?  Rochester?  Richmond?  Vicksburg?  St.  Paul?  Bangor? 

8.  On  what  waters  would  one  sail  in  making  a voyage  from 
Liverpool  to  Venice? 

9.  In  what  country  and  on  or  near  what  water  are  the  following  : 
Amsterdam?  Lisbon?  Naples?  Antwerp?  Calcutta?  Sydney? 
Tokio?  Odessa?  Marseilles?  Hamburg? 

10.  Name  any  six  political  divisions  of  Asia. 

United  States  History. 

1.  When,  where,  and  by  whom  was  the  first  permanent  settlement 
made  in  our  country  ? What  permanent  settlements  were  made  by 
the  English?  by  the  French? 

2.  What  three  kinds  of  colonial  governments  were  there?  Out- 
line each,  and  name  the  colonies  that  were  under  each.  When  did 
the  colonies  become  States?  When  did  the  nation  begin? 

3.  In  what  year  and  where  did  the  first  Continental  Congress 
meet?  What  important  resolution  did  it  adopt?  In  what  year  and 
where  did  the  second  Continental  Congress  meet?  What  important 
State  paper  did  it  issue  ? How  long  did  this  Congress  continue  its 
sessions? 

4.  Name  three  patriot  generals  and  three  British  generals  of  the 
Revolutionary  War.  Write  a short  account  of  any  battle  fought  in 
Massachusetts  during  the  Revolutionary  War. 

5.  How  did  African  slavery  originate  in  the  United  States,  and 
how  was  it  abolished  ? 

6.  Name  five  citizens  of  Massachusetts  who  rendered  distinguished 
services  to  the  government  in  the  Civil  War. 

7.  Name  the  State  or  States  in  which  occurred  any  battle  or  bat- 
tles during  the  Civil  War? 

8.  What  States  have  been  admitted  to  the  Union  since  the  close 
of  the  Civil  War. 

9.  Name  the  presidents  who  have  held  office  for  two  terms.  In 
which  Congressional  district  do  }tou  reside,  and  who  is  the  Represen- 
tative in  Congress  from  your  district? 
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10.  What  is  the  latest  purchase  of  territory  by  the  United  States? 
Of  whom  was  this  purchase  made? 


DEGREES. 

Those  who  complete  the  course  receive  the  degree  of  Bachelor  of 
Science,  the  diploma  being  signed  by  the  Governor  of  Massachusetts, 
who  is  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application,  become 
members  of  Boston  University,  and  upon  graduation  receive  its 
diploma  in  addition  to  that  of  the  college,  thereby  becoming  entitled 
to  all  the  privileges  of  its  alumni. 


EXPENSES. 

Tuition,  in  advance  : — 

Fall  term, I 30  00 

Winter  term,  . . . . 25  00 

Summer  term,  ....  25  00 

$ 80  00 

$ 80  00 

Room  rent,  in  advance,  $8  to  $16  per  term, . 

24  00 

48  00 

Board,  $2.50  to  $5  per  week,  .... 

95  00 

190  00 

Fuel,  $5  to  $15, 

5 00 

15  00 

Washing,  30  to  60  cents  per  week, 

11  40 

22  80 

Military  suit, 

15  75 

15  75 

Expenses  per  year,  

$231  15 

$371  55 

Board  in  clubs  has  been  two  dollars  and  forty-five  cents  per  week ; 
in  private  families,  four  to  five  dollars.  The  military  suit  must  be 
obtained  immediately  upon  entrance  at  college,  and  used  in  the  drill 
exercises  prescribed.  For  the  use  of  the  laboratory  in  practical 
chemistry  there  will  be  a charge  of  ten  dollars  per  term  used,  and 
also  a charge  of  four  dollars  per  term  for  the  expenses  of  the 
zoological  laboratory.  Some  expense  will  also  be  incurred  for  lights 
and  for  text  books.  Students  whose  homes  are  within  the  State  of 
Massachusetts  can  in  most  cases  obtain  a scholarship  by  applying  to 
the  senator  of  the  district  in  which  they  live. 


THE  LABOR  FUND. 

The  object  of  this  fund  is  to  assist  those  students  who  are  dependent 
either  wholly  or  in  part  on  their  own  exertions,  by  furnishing  them 
work  in  the  several  departments  of  the  college.  The  greatest  oppor- 
tunity for  such  work  is  found  in  the  agricultural  and  horticultural 
departments.  Application  should  be  made  to  Professors  Wm.  P. 
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Brooks  and  Samuel  T.  Maynard  respectively  in  charge  of  said  depart- 
ments. Students  desiring  to  avail  themselves  of  its  benefits  must 
bring  a certificate  signed  by  one  of  the  selectmen  of  the  town  in 
which  they  are  resident,  certifying  to  the  fact  that  they  require  aid. 


ROOMS. 

All  students,  except  those  living  with  parents  or  guardians,  will  be 
required  to  occupy  rooms  in  the  college  dormitories. 

For  the  information  of  those  desiring  to  carpet  their  rooms,  the 
following  measurements  are  given  : In  the  new  south  dormitory  the 
study  rooms  are  about  fifteen  by  fourteen  feet,  with  a recess  seven 
feet  four  inches  by  three  feet ; and  the  bedrooms  are  eleven  feet  two 
inches  by  eight  feet  five  inches.  This  building  is  heated  by  steam. 
In  the  north  dormitory  the  corner  rooms  are  fourteen  by  fifteen  feet, 
and  the  annexed  bedrooms  eight  by  ten  feet.  The  inside  rooms  are 
thirteen  feet  and  one-half  by  fourteen  feet  and  one-half,  and  the 
bedrooms  eight  by  eight  feet.  A coal  stove  is  furnished  with  each 
room.  Aside  from  this  all  rooms  are  unfurnished.  Mr.  Thomas 
Canavan  has  the  general  superintendence  of  the  dormitories,  and  all 
correspondence  relative  to  the  engaging  of  rooms  should  be  with  him. 


SCHOLARSHIPS. 

Established  by  Private  Individuals. 

Mary  Robinson  Fund  of  one  thousand  dollars,  the  bequest  of  Miss 
Mary  Robinson  of  Med  field. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
Whiting  Street,  Esq.,  of  Northampton. 

Henry  Gassett  Fund  of  one  thousand  dollars,  the  bequest  of  Henry 
Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 


CONGRESSIONAL  SCHOLARSHIPS. 

The  trustees  voted  in  January,  1878,  to  establish  one  free  scholar- 
ship for  each  of  the  congressional  districts  of  the  State.  Application 
for  such  scholarships  should  be  made  to  the  representative  from  the 
district  to  which  the  applicant  belongs.  The  selection  for  these 
scholarships  will  be  determined  as  each  member  of  Congress  may  pre- 
fer ; but,  where  several  applications  are  sent  in  from  the  same  dis- 
trict, a competitive  examination  would  seem  to  be  desirable.  Appli- 


1892.] 


PUBLIC  DOCUMENT  — No.  31. 


63 


cants  should  be  good  scholars,  of  vigorous  constitution,  and  should 
enter  college  with  the  intention  of  remaining  through  the  course,  and 
then  engaging  in  some  pursuit  connected  with  agriculture. 


STATE  SCHOLARSHIPS. 

The  Legislature  of  1883  passed  the  following  Resolve  in  favor  of 
the  Massachusetts  Agricultural  College  : — 

Resolved , That  there  shall  be  paid  annually,  for  the  term  of  four  years, 
from  the  treasury  of  the  Commonwealth  to  the  treasurer  of  the  Massa- 
chusetts Agricultural  College,  the  sum  of  ten  thousand  dollars,  to  enable 
the  trustees  of  said  college  to  provide  for  the  students  of  said  institution, 
the  theoretical  and  practical  education  required  by  its  charter  and  the  law 
of  the  United  States  relating  thereto. 

Resolved , That  annually,  for  the  term  of  four  years,  eighty  free  scholar- 
ships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Common- 
wealth, after  a competitive  examination,  under  rules  prescribed  by  the 
president  of  the  college,  at  such  time  and  place  as  the  senator  then  in 
office  from  each  district  shall  designate ; and  the  said  scholarships  shall 
be  assigned  equally  to  each  senatorial  district.  But,  if  there  shall  be  less 
than  two  successful  applicants  for  scholarships  from  any  senatorial  district, 
such  scholarships  may  be  distributed  by  the  president  of  the  college  equally 
among  the  other  districts,  as  nearly  as  possible ; but  no  applicant  shall 
be  entitled  to  a scholarship  unless  he  shall  pass  an  examination  in 
accordance  with  the  rules  to  be  established  as  hereinbefore  provided. 

The  Legislature  of  1886  passed  the  following  Resolve,  making 
perpetual  the  scholarships  established  : — 

Resolved , That  annually  the  scholarships  established  by  chapter  forty-six 
of  the  Resolves  of  the  year  eighteen  hundred  and  eighty-three  be  given  and 
continued  in  accordance  with  the  provisions  of  . said  chapter. 

In  accordance  with  these  resolves,  any  one  desiring  admission  to 
the  college  can  apply  to  the  senator  of  his  district  for  a scholarship. 
Blank  forms  of  application  will  be  furnished  by  the  president. 


EQUIPMENT. 

Botanical  Department. 

Botanic  Museum. — This  contains  the  Knowlton  Herbarium,  con- 
sisting of  over  ten  thousand  species  of  flowering  plants  and  vascular 
cryptogams,  to  which  have  been  added  the  past  season  several  col- 
lections of  mosses,  lichens  and  fungi ; a collection  of  models  of 
nearly  all  of  the  leading  varieties  of  apples  and  pears ; a large  col- 
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lection  of  specimens  of  wood,  cut  so  as  to  show  their  individual  struc- 
ture ; numerous  models  of  tropical  and  other  fruits ; specimens  of 
abnormal  and  peculiar  forms  of  stems ; fruits,  vegetables,  etc.  ; 
many  interesting  specimens  of  unnatural  growths  of  trees  and  plants, 
natural  grafts,  etc.  ; together  with  many  specimens  and  models,  pre- 
pared for  illustrating  the  growth  and  structure  of  plants,  and  inclu- 
ding a model  of  the  “ giant  squash,”  which  raised  by  its  expansive 
force  the  enormous  weight  of  five  thousand  pounds. 

The  botanic  lecture  room,  in  the  same  building,  is  provided  with 
diagrams  and  charts  of  over  three  thousand  figures,  illustrating  struc- 
tural and  systematic  botany. 

The  botanical  laboratory  adjoining  the  lecture  room  has  been  en- 
larged and  improved,  and  is  equipped  with  compound  and  dissecting 
microscopes  and  other  apparatus,  so  that  each  student  is  enabled  to 
dissect  and  study  all  the  parts  of  the  plant,  and  gain  a knowledge  of 
its  structure  that  he  can  get  in  no  other  way.  In  this  work  and  in 
general  structural  botany  the  common  and  useful  plants  are  used  for 
study.. 

Conservatories. — The  Durfee  Conservatory,  the  gift  of  the  Hon. 
Nathan  Durfee,  contains  a large  collection  of  plants  especially  adapted 
to  illustrate  the  principles  of  structural,  systematic  and  economic 
botany,  together  with  all  the  leading  plants  used  for  house  culture, 
cut  flowers  and  out  door  ornamentation.  Here  instruction  is  given  in 
methods  of  propagation,  cultivation,  training,  varieties,  etc.,  by  actual 
practice,  each  student  being  expected  to  do  all  the  different  kinds  of 
work  in  this  department.  These  houses  are  open  at  all  times  to  the 
public  and  students,  who  may  watch  the  progress  of  growths  and 
methods  of  cultivation. 

Two  new  propagating  houses  heated  with  hot  water,  one  with  the 
piping  above  the  benches  and  the  other  with  the  piping  below  them, 
combine  many  illustrations  in  the  way  of  methods  of  building,  which, 
together  with  other  green-houses,  afford  an  abundant  opportunity  for 
the  study  of  green-house  building  and  heating. 

Fruits. — The  orchards,  of  ten  to  fifteen  acres,  contain  all  the 
standard  varieties  of  apples,  pears,  peaches,  plums,  cherries,  etc., 
in  bearing  condition.  Several  acres  of  small  fruits  are  also  grown 
for  the  markets.  The  vineyard,  of  one  and  one-half  acres,  contains 
from  thirty  to  forty  varieties  of  fully  tested  kinds  of  grapes.  New 
varieties  of  all  the  above  fruits  are  planted  in  experimental  plats, 
where  their  merits  are  fully  tested.  All  varieties  of  fruits,  together  with 
the  ornamental  trees,  shrubs  and  plants,  are  distinctly  labelled,  so 
that  students  and  visitors  may  readily  study  their  characteristics. 
Methods  of  planting,  training,  pruning,  cultivation,  study  of  varie- 
ties, gathering  and  packing  of  fruits,  etc.,  are  taught  by  field  exer- 
cises, the  students  doing  a large  part  of  the  work  in  this  department. 
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Nursery.  — This  contains  many  thousand  trees,  shrubs  and  vines 
in  various  stages  of  growth,  where  the  various  methods  of  propa- 
gating by  cuttings,  layers,  budding,  grafting,  pruning  and  training 
of  young  trees  are  practically  taught  to  the  students. 

Garden.  — All  kinds  of  garden  and  farm-garden  crops  are  grown 
in  this  department  for  market,  furnishing  ample  illustration  of  the 
treatment  of  all  market-garden  crops,  special  attention  being  given 
to  the  selection  of  varieties  and  the  growth  of  seed.  The  income 
from  the  sales  of  trees,  plants,  flowers,  fruits  aud  vegetables  aids 
materially  in  the  support  of  the  department,  and  furnishes  illustra- 
tions of  the  methods  of  business  with  wrhich  all  students  are  expected 
to  become  familiar. 

Forestry.  — Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery  ; and  plantations  have  been  made  upon  the  col- 
lege grounds  and  upon  private  property  in  the  vicinity,  in  various 
stages  of  growth,  affording  good  examples  of  this  most  important 
subject.  A large  grove  in  all  stages  of  growth  is  connected  with 
this  department,  where  the  methods  of  pruning  forest  trees  and  the 
management  and  preservation  of  forests  can  be  illustrated. 

Zoological  Department. 

Zoological  Lecture  Room. — This  room,  in  south  college,  is  well 
adapted  for  lecture  and  recitation  purposes,  and  is  supplied  with  a 
series  of  zoological  charts  prepared  to  order,  also  a set  of  Leuckart’s 
charts,  disarticulated  skeletons,  and  other  apparatus  for  illustrating 
the  lectures  in  the  class-room. 

Zoological  Museum. — This  is  in  immediate  connection  with  the 
lecture  room,  and  contains  the  Massachusetts  State  collection,  which 
comprises  a large  number  of  mounted  mammals  and  birds,  together 
with  a series  of  birds’  nests  and  eggs,  a collection  of  alcoholic  speci- 
mens of  fishes,  reptiles  and  amphibians,  and  a collection  of  shells 
and  other  invertebrates. 

There  is  also  on  exhibition  in  the  museum  a collection  of  skeletons 
of  our  domestic  and  other  animals,  and  mounted  specimens  purchased 
from  Prof.  H.  A.  Ward;  a series  of  glass  models  of  jelly  fishes, 
worms,  etc.,  made  by  Leopold  Blaschka  in  Dresden;  a valuable 
collection  of  corals  and  sponges  from  Nassau,  N.  P.,  collected  and 
presented  by  Prof.  H.  T.  Fernald  ; a fine  collection  of  corals,  presented 
by  the  Museum  of  Comparative  Zoology  in  Cambridge  ; a collection 
of  alcoholic  specimens  of  invertebrates  from  the  coast  of  New  England, 
presented  by  the  National  Museum  at  Washington;  a large  and 
rapidly  growing  collection  of  insects  of  all  orders,  and  a large  series 
of  clastique  models  of  various  animals,  manufactured  in  the  Auzoux 
laboratory  in  Paris.  The  museum  is  now  open  to  the  public  from  3 
to  4 p.m.  every  day  except  Saturday  and  Sunday. 
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Zoological  Laboratory. — A large  room  in  the  laboratory  building 
has  been  fitted  up  for  a zoological  laboratory,  with  tables,  sink,  gas, 
etc.,  and  is  supplied  with  a reference  library,  microscopes,  chemical 
and  other  necessary  apparatus  for  work.  This  laboratory  with  its 
equipment  is  undoubtedly  the  most  valuable  appliance  for  instruction 
in  the  department  of  zoology. 

Mathematical  Department. 

The  instruction  embraces  pure  mathematics,  civil  engineering, 
mechanics  and  physics.  For  civil  engineering  there  is  an  Eckhold’s 
omnimeter,  a solar  compass,  an  engineer’s  transit,  a surveyor’s  tran- 
sit, two  common  compasses,  two  levels,  a sextant, *f our  chains,  three 
levelling  rods,  and  such  other  incidental  apparatus  as  is  necessary  for 
practical  field  work.  For  mechanics  there  is  a full  set  of  mechanical 
powers,  and  a good  collection  of  apparatus  for  illustration  in  hydro- 
statics, hydro-dynamics  and  pneumatics.  For  physics  the  apparatus 
is  amply  sufficient  for  illustrating  the  general  principles  of  sound, 
heat,  light  and  electricity.  Adjacent  to  the  commodious  lecture  room 
are  a battery  room  and  the  physical  cabinet,  to  which  latter  has  been 
lately  added  much  valuable  apparatus. 

Chemical  Department. 

This  department  has  charge  of  instruction  in  general,  agricultural 
and  analytical  chemistry,  and,  at  present,  of  that  in  mineralogy  and 
chemical  geology.  For  demonstration  and  practical  work  in  these 
subjects  the  department  is  equipped  as  follows  : — 

For  general  chemistry  the  lecture  room  contains  a series  of  thirty 
wall  charts  illustrative  of  chemical  processes  on  the  large  scale  ; a 
series  of  seven  wall  charts,  showing  the  composition  of  food 
materials  ; and  a collection  of  apparatus,  for  demonstration  on  the 
lecture  table.  For  agricultural  chemistry  there  is  on  hand  a good 
typical  collection  of  raw  and  manufactured  materials,  illustrating 
fertilization  of  crops,  and  the  manufacture  of  fertilizers  ; a partial 
collection  of  grains  and  other  articles  of  foods,  and  of  their  proxi- 
mate constituents.  For  analytical  chemistry  there  is  a laboratory  for 
beginners,  in  a capacious  room,  well  lighted  and  ventilated,  and  fur- 
nished with  fifty-two  working  tables,  each  table  being  provided  with 
sets  of  reagents  (wet  and  dry),  a fume  chamber,  water,  gas,  drawer 
and  locker,  the  whole  arranged  on  an  improved  plan  ; a laboratory 
for  advanced  students,  with  eight  tables,  and  provided  with  gas. 
water,  fume  chambers,  drying  baths,  furnaces,  two  Becker  analytical 
balances  and  incidental  apparatus.  Both  laboratories  are  supplied 
with  collections  of  natural  and  artificial  products  used  in  analytical 
practice.  For  instruction  in  mineralogy  use  is  made  of  the  larger 
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chemical  laboratory.  A small  collection  of  cabinet  specimens,  and 
a collection  of  rough  specimens  for  work  in  determinative  mineralogy, 
serve  for  practical  study.  For  instruction  in  chemical  geology,  the 
laboratory  possesses  a collection  of  typical  cabinet  specimens. 

Library. 

This  now  numbers  ten  thousand  five  hundred  and  ninety  volumes, 
having  been  increased  during  the  year,  by  gift  and  purchase,  five 
hundred  and  ninety  volumes.  It  is  placed  in  the  lower  hall  of  the 
new  chapel-library  building,  and  is  made  available  to  the  general 
student  for  reference  or  investigation.  It  is  especially  valuable  as  a 
library  of  reference,  and  no  pains  will  be  spared  to  make  it  complete 
in  the  departments  of  agriculture,  horticulture  and  botany,  and  the 
natural  sciences.  It  is  open  a portion  of  each  day  for  consultation, 
and  an  hour  every  evening  for  the  drawing  of  books. 


PRIZES. 

Rhetorical  Prizes. 

The  prizes  heretofore  offered  by  Isaac  D.  Farnsworth,  Esq.,  will 
this  year  be  given  by  Fred.  H.  Fowler  of  the  class  of  1887.  These 
prizes  are  awarded  for  excellence  in  declamation,  and  are  open  to 
competition,  under  certain  restrictions,  to  members  of  the  sophomore 
and  freshman  classes. 

Military  Prize. 

A prize  of  fifteen  dollars  for  the  best  essay  on  some  military 
subject  is  offered  this  year  to  the  graduating  class  by  William  H. 
Bowker,  ’71,  and  John  C.  Cutter,  ’72. 

Grinnell  Agricultural  Prizes. 

Hon.  William  Claflin  of  Boston  has  given  the  sum  of  one  thousand 
dollars  for  the  endowment  of  a first  and  second  prize,  to  be  called 
the  Grinnell  Agricultural  Prizes,  in  honor  of  George  B.  Grinnell, 
Esq.,  of  New  York.  These  two  prizes  are  to  be  paid  in  cash  to 
those  two  members  of  the  graduating  class  who  may  pass  the  best 
oral  and  written  examination  in  theoretical  and  practical  agriculture. 

Hills  Botanical  Prizes. 

For  the  best  herbarium  collected  by  a member  of  the  class  of  1892, 
fifteen  dollars  is  offered,  and  for  the  second  best  a prize  of  ten  dol- 
lars ; also  a prize  of  five  dollars  for  the  best  collection  of  woods,  and 
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a prize  of  five  dollars  for  the  best  collection  of  dried  plants  from  the 
college  farm. 

The  prizes  in  1891  were  awarded  as  follows  : 

Kendall  Rhetorical  Prizes. — John  R.  Perry  [1893],  1st.  ; Luther 
W.  Smith  [1893],  2d.  ; Frank  I.  Parker  [1894],  1st.;  Arthur  C. 
Curtis  [1894],  2d. 

Grinnell  Agricultural  Prizes.  — Maleom  A.  Carpenter  [1891], 
1st.  ; Henry  M.  Howard  [1891],  2nd. 

Hills  Botanical  Prizes.  — Walter  A.  Brown  [1891],  1st;  Louis 
F.  Horner  [1891],  2d;  Collection  of  native  woods  — Ephraim  P.  Felt 
[1891]. 


RELIGIOUS  SERVICES. 

Students  are  required  to  attend  prayers  every  week-day  at  8.15 
a.m.  and  public  worship  in  the  chapel  every  Sunday  at  10.30  a.m. 
unless,  by  request  of  their  parents,  arrangements  are  made  to  attend 
divine  services  elsewhere.  Further  opportunities  for  moral  and  relig- 
ious culture  are  afforded  by  a Bible  class  taught  at  the  close  of  the 
Sunday  morning  service,  and  by  religious  meetings  held  on  Sunday 
afternoon  and  during  the  week,  under  the  auspices  of  the  Young 
Men’s  Christian  Union. 


LOCATION. 

•Amherst  is  on  the  New  London  Northern  Railroad,  connecting  at 
Palmer  ^vith  the  Boston  & Albany  Railroad,  and  at  Miller’s  Falls 
with  the  Fitchburg  Railroad.  It  is  also  on  the  Central  Massachusetts 
Railroad,  connecting  at  Northampton  with  the  Connecticut  River 
Railroad  and  with  the  New  Haven  & Northampton  Railroad. 

The  college  buildings  are  on  a healthful  site,  commanding  one  of 
the  finest  views  in  New  England.  The  large  farm  of  three  hundred 
and  eighty- three  acres,  with  its  varied  surface  and  native  forests, 
gives  the  student  the  freedom  and  quiet  of  a country  home. 


APPENDIX. 


MILITARY  INSTRUCTION  IN  EDUCATIONAL 
INSTITUTIONS. 


Lieut.  Lester  W.  Cornish. 


The  fact  that  military  instruction  is  given  by  officers  of  the  regular 
army  in  various  educational  institutions  throughout  the  United  States 
may  be  generally  known,  yet  the  extent  to  which  this  instruction  is 
carried  on,  and  the  benefits  to  be  derived  from  it  by  the  government, 
by  the  individual  States,  and  by  the  students  themselves,  have  been 
little  considered. 

Many  parents,  failing  to  see  the  benefit  to  be  derived  from  this 
instruction,  think  that  their  sons’  time  while  at  college  might  be  more 
profitably  spent,  and  therefore  object  to  having  them  take  the  mili- 
tary course.  A little  consideration  will  change  this  idea,  and  a short 
account  of  what  is  being  done  may  be  of  general  interest. 

On  July  2,  1862,  Congress  passed  an  act  giving  to  such  States  as 
would  accept  the  conditions,  public  lands  to  the  amount  of  30,000 
acres  for  each  senator  and  representative  to  which  the  State  was 
entitled  at  that  time.  The  money  obtained  from  the  sale  of  these 
lands  was  to  form  a permanent  fund,  the  interest  of  which  was  to  be, 
in  the  language  of  the  bill,  “ inviolably  appropriated  by  each  State 
which  may  take  and  claim  the  benefit  of  this  act,  to  the  endowment, 
support  and  maintenance  of  at  least  one  college  where  the  leading 
object  shall  be,  without  excluding  other  scientific  and  classical 
studies,  and  including  military  tactics,  to  teach  such  branches  of 
learning  as  are  related  to  agriculture  and  the  mechanic  arts.” 

In  order  to  increase  the  benefits  to  the  colleges  organized  under 
this  act,  as  well  as  to  insure  some  practical  return  to  the  government 
for  its  aid,  another  bill  was  approved  on  July  28,  1866,  which  read 
as  follows  : “ That  for  the  purpose  of  promoting  knowledge  of  mili- 
tary science  among  the  young  men  of  the  United  States,  the  Presi- 
dent may,  upon  the  application  of  an  established  college  or  university 
within  the  limits  of  the  United  States,  with  sufficient  capacity  to  edu- 
cate at  one  time  not  less  than  one  hundred  and  fifty  male  students, 
detail  an  officer  of  the  army  to  act  as  president,  superintendent,  or 
professor  of  such  college  or  university ; that  the  number  of  officers 
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so  detailed  shall  not  exceed  twenty  at  any  time,  and  shall  be  appor- 
tioned throughout  the  United  States  as  nearly  as  practicable  accord- 
ing to  population,  and  shall  be  governed  by  the  general  rules  to  be 
prescribed  from  time  to  time  by  the  President.” 

As  the  experiment  of  detailing  officers  of  the  army  for  this  purpose 
proved  a success,  the  number  was  increased,  until  at  the  present 
time  seventy-five  may  by  law  be  detailed  on  college  duty.  The  issue 
of  the  necessary  ordnance  and  ordnance  stores  by  the  Secretary  of 
War  having  been  authorized,  the  following  articles  can  be  obtained 
by  each  of  these  colleges,  bonds  being  given  for  twice  their  value, 
viz  : two  light  field  guns  with  all  their  equipments,  and  one  cadet 
rifle  and  set  of  infantry  accoutrements  for  each  cadet  that  drills. 
In  addition  to  these  arms,  the  following  allowance  of  ammunition  for 
practice  firing  is  made  annually  to  each  of  the  various  institutions, 
viz.  : one  hundred  blank  cartridges  and  three  hundred  friction  primers 
for  field  guns,  and  for  each  cadet  actually  engaged  in  target  practice 
fifty  rifle  ball  cartridges. 

The  following  rules  have  been  prescribed  by  the  President,  for  the 
government  of  officers  of  the  army  detailed  as  professors  of  military 
science  and  tactics  : — 


Duties  of  Officers. 

The  professor  of  military  science  and  tactics  shall  reside  at  or  near  the 
institution  to  which  assigned,  and  Avhen  in  the  performance  of  his  military 
duties  shall  appear  in  proper  uniform.  Officers  so  detailed  shall,  in  their 
relations  to  the  institutions,  observe  the  general  usages  and  regulations 
therein  established  affecting  the  duties  and  obligations  of  other  members 
of  the  faculty.  For  the  benefit  of  the  officer  and  the  military  service,  he 
may  perform  other  duties  at  the  college  in  addition  to  those  pertaining  to 
military  science  and  tactics,  and  may  receive  such  compensation  therefor 
as  may  be  agreed  upon. 

Organization  and  Discipline. 

1.  All  rules  and  orders  relating  to  the  organization  and  government  of 
the  military  students,  — the  appointment,  promotion,  and  change  of  officers, 
and  all  other  orders  affecting  the  military  department,  except  those  relating 
to  routine  duty,  — shall  be  made  and  promulgated  by  the  professor  of 
military  science  and  tactics,  after  being  approved  by  the  president  or  other 
administrative  officer  of  the  institution. 

2.  It  is  the  duty  of  the  professor  of  military  science  and  tactics  to 
enforce  proper  military  discipline  at  all  times  when  students  are  under 
military  instruction,  and,  in  case  of  serious  breaches  of  discipline,  or  mis- 
conduct, to  report  the  same  to  the  proper  officers  of  the  institution,  accord- 
ing to  its  established  methods.  Upon  occasions  of  military  ceremony,  in 
the  execution  of  drills,  guard  duty,  and  when  students  are  receiving  any 
other  practical  military  instruction,  he  shall  see  that  they  appear  in  the 
uniform  prescribed  by  the  institution. 
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Course  of  Instruction. 

1.  The  course  of  instruction  shall  be  both  practical  and  theoretical,  and 
shall  be  so  arranged  as  to  occupy  at  least  one  hour  per  week  for  theoretical 
instruction,  and  at  least  two  hours  per  week  for  practical  instruction. 

2.  The  practical  course  in  infantry  shall  embrace  small  arm  target 
practice  and,  as  far  as  possible,  all  the  movements  prescribed  by  the  drill 
regulations  of  the  United  States  Army  applicable  to  a battalion.  Instruction 
in  artillery  shall  embrace,  as  far  as  practicable,  such  portions  of  the  United 
States  drill  regulations  as  pertain  to  the  formations  of  detachments,  manual 
of  the  piece,  mechanical  manoeuvres,  aiming  drill,  sabre  exercise  and  target 
practice.  Instruction  should  also  include  the  duty  of  sentinels  and,  where 
practicable,  castrametation.  Such  instruction  shall  be  given  by  the  pro- 
fessor of  military  science  and  tactics  personally,  or  under  his  immediate 
supervision. 

3 Theoretical  instruction  shall  be  by  recitations  and  lectures,  personally 
conducted  and  given  by  the  professor  of  military  science  and  tactics,  and 
shall  include,  as  far  as  practicable,  a systematic  and  progressive  course  in 
the  following  subjects : the  drill  regulations  of  the  United  States  Army, 
the  preparation  of  the  usual  reports  and  returns  pertaining  to  a company, 
the  organization  and  administration  of  the  United  States  Army,  and  the 
elementary  principles  governing  in  the  art  of  war. 

Reports. 

He  shall  render  a quarterly  report  to  the  adjutant-general  of  the  army 
of  the  whole  number  of  undergraduate  students  in  the  institution  capable 
of  performing  military  duty,  the  number  required  by  the  institution  to  be 
enrolled  as  military  students,  the  average  attendance  at  drills,  the  number 
absent,  the  number  and  kind  of  drills,  recitations  and  lectures,  or  other 
instruction  had  during  the  quarter,  and  the  number  reported  for  discipline. 
On  the  graduation  of  every  class  he  shall  obtain  from  the  president  of  the 
college,  and  report  to  the  adjutant-general  of  the  army,  the  names  of  such 
students  as  have  shown  special  aptitude  for  military  service,  and  furnish  a 
copy  thereof  to  the  adjutant-general  of  the  State  for  his  information.  The 
names  of  the  three  most  distinguished  students  in  military  science  and 
tactics  at  each  college  shall,  when  graduated,  be  inserted  on  the  United 
States  Army  Register  and  published  in  general  orders. 

There  are  seventy-three  officers  of  the  army  at  the  present  time  on 
college  duty,  and  the  valuable  results  of  their  work  to  the  national 
government,  to  the  States,  and  to  the  students  themselves,  have  been 
but  little  considered  by  the  majority  of  the  people. 

At  the  beginning  of  the  great  civil  war,  there  were  but  few  schools 
or  colleges  at  the  North  where  military  instruction  was  incorporated 
into  the  curriculum.  In  the  South,  on  the  contrary,  there  were  many 
such  institutions,  and  in  them  young  men  learned  the  art  of  control- 
ling others,  as  well  as  that  of  handling  firearms  and  moving  troops. 
As  a consequence  of  this,  the  Confederate  army  was  much  better 
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officered  than  the  Union  army  at  the  beginning  of  the  great  national 
struggle. 

The  officers  of  the  volunteer  troops  from  the  North  labored  under 
the  greatest  difficulty.  They  had  to  learn  before  they  could  teach 
others,  and  while,  in  time,  some  of  these  same  officers  astonished  the 
world  by  their  military  genius  and  ability,  the  cost  to  the  country  at 
which  this  ability  was  obtained  was  almost  incalculable. 

General  Scott  claimed  that  the  shortness  of  the  Mexican  war  was 
due  to  the  military  knowledge  of,  and  the  efficient  work  done  by,  the 
young  officers  who  were  graduates  of  the  United  States  Military 
Academy,  and  the  civil  war  would  have  been  of  much  shorter  dura- 
tion, and  thousands  of  valuable  lives  saved,  if  the  supply  of  men, 
sufficiently  instructed  in  the  military  profession  to  fill  the  places  of 
subordinate  officers,  had  been  equal  to  the  demand. 

That  such  a want  might  not  be  felt  in  the  future,  if  this  country 
should  again  be  obliged  to  suffer  the  horrors  of  a great  war,  was  the 
idea  of  those  great  statesmen  who  drafted  what  was  known  as  the 
“ Land  Grant  College  Act.”  Senator  Morrill  of  Vermont,  to  whose 
untiring  energy  in  supporting  it,  was  due,  to  a great  degree,  its  final 
success,  says  : “ In  case  of  war  all  the  students  of  these  colleges 
would  be  of  great  value  to  the  nation.  Each  one  would  be  able  to 
take  a body  of  raw  recruits  and  speedily  drill  them  so  as  to  be  ready 
for  service,  and  it  will  be,  in  time,  an  immense  reserve  force.” 

Let  us  consider  what  is  now  being  done  in  this  direction.  The 
seventy-three  educational  institutions  at  which  officers  of  the  army  are 
now  on  college  duty,  are  distributed  over  the  United  States  as  follows  : 
Arkansas,  California,  Colorado,  Connecticut,  Delaware,  Florida, 
Georgia,  Kansas,  Kentucky,  Louisiana,  Maine,  Massachusetts,  Miss- 
issippi, Nebraska,  Nevada,  New  Jersey,  North  Carolina,  North 
Dakota,  Oregon,  Tennessee,  Utah,  West  Virginia,  Wisconsin  and 
Wyoming,  each  have  one  ; Alabama,  Maryland,  Michigan,  Minne- 
sota, North  Dakota,  Texas  and  Virginia  have  two  ; Illinois,  Indiana, 
Iowa,  Missouri,  South  Carolina  and  Vermont  have  three;  Ohio  and 
Pennsylvania  have  four;  while  New  York  has  eight.  The  report  of 
the  adjutant-general  of  the  United  States  Army  for  1891  gives  a con- 
solidated report  from  fifty-seven  of  these  colleges  from  which  I have 
taken  the  following  figures  : 

The  number  of  students  over  fifteen  years  of  age  attending  these 
institutions  was  fifteen  thousand  seven  hundred  and  seventeen.  Of 
this  number,  twelve  thousand  three  hundred  and  one  constitute  the 
whole  number  of  male  students  capable  of  performing  military  duty, 
while  seven  thousand  four  hundred  and  eighty-seven  represent  the 
number  attending  those  institutions  where  military  instruction  is  com- 
pulsory. The  total  number  that  received  military  instruction  during 
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the  last  quarter  of  the  scholastic  year  was  seven  thousand  three  hun- 
dred and  sixty-six. 

At  quite  a number  of  the  institutions  from  which  these  figures  were 
obtained,  the  military  course  is  optional,  since  these  colleges  do  not 
receive  the  benefit  of  the  land  grant  act.  The  fact  that  these  col- 
leges have  voluntarily  inserted  a military  department,  and  applied  to 
the  Secretary  of  War  for  the  detail  of  an  officer  of  the  army,  shows 
the  value  that  prominent  educators  attach  to  this  military  education. 
From  personal  correspondence  with  all  the  officers  on  college  duty, 
I have  heard  of  but  one  case  where  the  interest  shown  by  the  faculty 
was  even  indifferent.  All  the  rest  consider  the  military  department 
to  be  a very  valuable  one,  both  to  the  students  and  to  the  college. 
The  majority  of  the  students  are  interested  in  the  military  work,  both 
theoretical  and  practical. 

The  charge  has  been  made,  and  with  some  degree  of  truth,  that  the 
Americans  are,  as  a rule,  devoted  to  money-getting,  and  that  they 
have  little  pride  in  their  country’s  name  and  place  abroad.  By  means 
of  this  military  instruction,  a closer  relationship  will  be  established 
between  the  young  men  and  their  country,  the  reputation  and 
authority  of  which  must  be  maintained  both  at  home  and  abroad. 
A stronger  feeling  of  patriotism  will  be  inculcated,  and  a greater 
love  for  their  country’s  good  name  be  implanted  in  the  hearts  of  the 
young  men  of  this  cosmopolitan  nation.  Our  country  is  large  and 
populous  ; but  fortunately  for  us,  we  are  not  surrounded  by  other 
nations  who  are  continually  endeavoring  to  obtain  some  portion  of 
our  territory. 

We  have  no  need  of  such  immense  standing  armies  as  European 
nations  are  obliged  to  support,  and  in  the  support  of  which  they  are 
being  brought  to  the  verge  of  -bankruptcy.  While  our  regular  army 
is  small,  numbering  only  twenty-five  thousand,  it  has  proved  itself  to 
be  sufficiently  large  to  protect  our  western  frontier,  and  preserve 
order  when  called  upon  to  do  so ; but  it  could  only  be  used  as  a 
nucleus  for  the  large  army  we  should  need,  in  order  to  repel  an  in- 
vasion by  any  of  the  foreign  powers.  Our  main  reliance  must  be  on 
volunteer  troops,  which,  to  be  rendered  effective  in  the  short  time 
that  would  be  available,  must  be  officered  by  men  capable  of  giving 
good*  instruction.  Under  our  present  system  of  military  instruction, 
men  can  be  found  in  almost  every  village  competent  to  enlist  a com- 
pany, drill  it  properly,  and  in  a short  time  fit  it  to  be  joined  with 
others,  formed  in  the  same  way,  to  make  effective  regiments.  The 
old  saying,  “ Jn  time  of  peace  prepare  for  war,”  is  one  which  it  will 
be  well  for  the  American  people  to  keep  in  mind. 

The  individual  States  depend  on  their  militia  to  preserve  the  public 
peace,  and  insure  to  every  inhabitant,  the  freedom  to  exercise  all  his 
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rights  as  a citizen.  These  troops  are  made  more  effective  by  means- 
of  this  military  instruction.  The  best  officers  are  graduates  of 
institutions  where  they  have  had  military  instruction,  and  they  serve 
to  raise  the  standard  of  the  whole  body.  This  is  the  testimony  of 
nearly  all  the  adjutant-generals  of  the  different  States.  The  United 
States  Corps  of  Cadets  at  the  United  States  Military  Academy  forms 
a separate  and  distinct  part  of  the  United  States  Army,  liable  to  be 
called  upon  for  active  service  in  case  of  necessity,  the  graduates 
being  required  to  serve  the  government  for  four  years  longer  if  their 
services  are  desired.  Why  could  not  this  same  plan  be  most  profit- 
ably instituted  in  the  various  States  ? The  majority  of  the  students 
are  from  the  States  where  the  various  colleges  are  located,  and  are 
aided  by  the  State  in  obtaining  their  education.  Some  service  might 
well  be  asked  in  return  for  this  aid.  Let  the  students  in  the  various 
institutions  be  organized  into  separate  battalions  of  the  National 
Guard,  and  uniformed  by  the  State,  — for  many  of  the  students  are 
poor,  and  expense  of  the  uniform  prevents  them  from  taking  the 
military  drill  when  it  is  not  compulsory.  Where  this  is  done,  require 
after  graduation  a given  amount  of  service,  perhaps  not  more  than 
two  years,  in  the  National  Guard  of  the  State,  giving  to  such  as  are 
recommended  by  the  military  instructor,  commissions  as  brevet  or 
additional  second  lieutenants,  and  assign  them  to  duty  with  the 
militia  companies  nearest  their  respective  homes.  This  plan  would 
give  the  students,  after  graduation,  an  insight  into  the  practical  work- 
ing of  our  militia  system,  and  be  of  much  benefit  to  the  State  in 
furnishing  it  with  officers  having  both  a technical  and  practical 
knowledge  of  military  work. 

Having  held  commissions  as  cadets,  many  students  object  to  enlist- 
ing as  privates  in  the  militia  after  graduation,  but  if  they  could 
obtain  commissions  they  would  gladly  serve  the  State  to  the  best  of 
their  ability,  and  remain  in  the  service  longer  than  the  required 
length  of  time.  The  chance  of  obtaining  a commission  after  gradu- 
ation would  be  an  incentive  to  better  work  in  the  line  of  military 
study,  and  proportionately  better  results  would  be  obtained.  The 
extra  expense  to  the  State  would,  in  my  judgment,  be  amply  repaid. 
In  several  of  the  States  these  commissions  are  now  being  given  with 
good  results. 

The  increased  efficiency  of  the  militia  is  not  the  only  benefit  that 
the  State  derives  from  the  military  education  of  its  young  men.  The 
necessary  subordination  to  military  discipline  makes  of  them  a law- 
respecting  and  a law-abiding  body  of  citizens,  and  the  advantage  of 
any  gain  in  this  direction  must  not  be  overlooked  in  view  of  the 
socialistic  tendencies  of  the  present  time.  Riots  and  strikes  are  of 
frequent  occurrence,  while  the  evils  of  socialism  and  communism  are 
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rapidly  spreading  over  this  country,  as  they  have  already  done  in 
Europe.  There  it  has  required  a strong  military  force  to  hold  these 
elements  in  check.  To  meet  and  control  this  growing  evil  will  be  the 
duty  of  the  young  men  of  the  present  time. 

Men  of  combined  intellect  and  education  have  always  been  the 
leaders  of  their  parties  at  all  times  of  political  trouble.  It  is  a 
deplorable  fact  that  a spirit  of  lawlessness  often  manifests  itself 
among  our  college  students.  In  colleges  where  there  is  a military 
department,  this  spirit  is,  to  a certain  degree,  kept  in  check,  and  if, 
as  young  men,  they  are  taught  that  laws  and  regulations  are  made  to 
be  obeyed  and  respected,  when  they  graduate  from  college  and  pass 
out  into  the  world,  they  will  be  better  citizens  of  the  republic,  as  well 
as  of  their  respective  States  ; men  whose  influence  will  be  thrown  on 
the  right  side  of  the  scales  when  the  necessity  for  action  arises.  In 
this  eminently  practical  age,  men  are  apt  to  cast  aside  the  abstract  or 
ideal  benefits  of  the  future,  for  the  practical  advantages  of  the 
present.  That  the  benefits  of  a military  education  are  practical  no 
one  will  deny  if  he  will  but  consider  them. 

What  are  the  benefits  that  the  student  gains  to  pay  him  for  his 
time?  Take  the  drill  as  a method  of  physical  training.  Of  late 
years  the  attention  given  to  this  subject  hag  been  greatly  increased. 
Many  of  our  larger  colleges  now  have  gymnasiums,  fitted  with  all  the 
appliances  for  improving  the  physical  condition  of  the  students.  A 
competent  instructor  is  in  charge,  who  grades  the  work  according  to 
the  individual  necessities  of  the  students  ; yet  even  in  these  gymna- 
siums a portion  of  the  work  is  of  a military  character.  I do  not 
contend  that  the  military  drill  will  do  this  important  work  as  well  as 
a thorough  gymnastic  training,  but  I do  claim,  that  where  a specified 
amount  of  work  in  a gymnasium,  under  a competent  instructor,  is  not 
compulsory,  the  military  drill  fills  a very  important  place  in  the  college 
course.  Close  students  are  apt  to  neglect  proper  exercise,  and, 
consequently,  when  they  leave  college,  although  the  mind  may  be 
well  trained  for  mental  work,  the  muscles  are  flaccid,  the  heart’s 
action  is  weak,  and  the  lungs  are  in  such  a condition  that  some  kind 
of  pulmonary  disease  is  almost  a certainty.  Under  these  circum- 
stances, the  college  graduate  is  unable  to  do  the  work  expected  of 
him,  and  his  life  becomes  at  least  a partial  failure. 

As  a physical  exercise,  the  new  “Drill  Regulations”  are  an 
improvement  over  the  old  “Tactics.”  The  “setting  up  exercises,” 
which  were  but  four  in  number,  were  designed  to  straighten  the  back 
and  shoulders,  and  give  an  erect  carriage.  This  they  did  with  a 
result  that  the  lungs  had  plenty  of  room  in  which  to  expand,  and  the 
heart  was  given  the  opportunity  for  good  healthy  action.  But  they 
did  not  go  far  enough  as  a method  of  physical  training.  This  lack 
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has  now  been  supplied,  and,  instead  of  four,  there  are  seventeen 
exercises  by  which  almost  every  set  of  muscles  in  the  body  is  brought 
into  action. 

Walking  has  always  been  recommended  as  a good,  healthy  exercise, 
and  this  the  student  obtains  in  his  company  and  battalion  drill,  and, 
where  the  military  drill  is  compulsory,  every  student  is  obliged  to 
take  a certain  amount  of  it. 

In  the  agricultural  colleges  many  of  the  students  have  to  work  in 
order  to  help  defray  their  expenses.  Much  of  the  work  so  done, 
while  it  may  strengthen  some  few  sets  of  muscles,  does  not  have  a 
tendency  to  better  the  physical  condition  of  a growing  boy,  and  for 
these  students  the  military  drill  has  an  especial  value,  not  only  when 
they  are  students,  but  furnishing  them,  when  they  leave  college  to 
follow  an  agricultural  life,  with  a body  better  fitted  to  endure  the 
laborious  life  of  a farmer,  than  the}'  would  otherwise  have  had.  In 
all  branches  of  life  the  beneficial  effects  of  the  military  drill  are 
acknowledged  by  all  who  have  taken  it.  From  personal  inquiry 
among  many  of  the  alumni  of  the  Massachusetts  Agricultural  Col- 
lege I have  failed  to  find  one  who  does  not  think  that  military  drill  has 
been  of  great  benefit  to  him,  and  through  correspondence  with  all 
the  army  officers  on  college  duty  I find  that  this  is  the  general  feeling. 

But  the  physical  training  is  not  all  the  advantage  that  the  college 
student  obtains  from  his  military  drill.  As  a private,  when  he  first 
enters  college,  he  is  taught  by  strict  military  discipline  to  control 
himself.  He  sees  the  necessity  for  self-control  in  those  who  hope  to 
lead  and  command  others.  When  he  becomes  a senior,  and  is  him- 
self placed  in  positions  of  authority,  it  is  impressed  upon  him  still 
more  strongly,  by  actual  experience,  that  if  he  would  successfully 
command  the  prompt  obedience  and  respect  of  others,  he  must  first 
set  a good  example  by  controlling  himself,  and  thus  he  learns  one  of 
the  greatest  of  life’s  lessons. 

The  desire  to  hold  an  office  in  the  cadet  battalion,  the  efforts  put 
forth  in  order  to  satisfy  this  desire,  and  the  gratification  experienced, 
when,  the  end  attained,  he  realizes  how  much  pleasanter  it  is  to  be 
in  a position  to  command  others  than  to  occupy  a subordinate  one, 
are  but  the  foundation  stones  of  a lifelong  desire  to  be  a leader  among 
his  fellowmen,  wherever  his  work  may  lead  him.  As  an  officer,  he 
has  more  or  less  responsibility  thrust  upon  him,  and  thus  early  in  life 
learns  self-reliance.  When  his  college  days  are  ended,  and  he  enters 
the  arena  of  life,  where  full  success  only  comes  to  the  few  who  by 
steady,  persistent  effort  obtain  it,  he,  reliant  on  himself  and  confident 
in  his  ability,  chooses  his  life  work,  and,  undeterred  by  partial 
failures,  and  keeping  his  end  steadily  in  view,  works  on  until  success 
finally  crowns  his  efforts. 
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In  this  practical  age  every  man,  no  matter  what  liis  profession  or 
business  may  be,  must  commence  at  the  foot  of  the  ladder,  gaining 
the  top  only  by  stepping  from  round  to  round.  As  a young  man 
makes  his  value  more  and  more  evident  to  his  employer,  just  so  fast 
and  no  faster  is  he  advanced.  What  better  qualifications  can  a young 
man  possess  to  commend  himself  to  his  employer  than  punctuality, 
promptness,  quick  obedience  to  directions  given  him,  courtesy,  and 
last,  but  not  least,  that  straightforwardness  of  manner,  which,  — 
while  lacking  the  boldness  of  what  is  commonly  called  “ cheek,”  yet 
shows  that  the  possessor  is  doing  his  best,  — has  acted  as  he  thought 
right,  and  having  so  done  is  willing  to  be  judged  by  the  result  of  his 
work. 

These  qualifications  are  all  brought  out  to  the  greatest  possible 
extent  in  the  character  of  a successful  military  student,  while  all  may 
have  them  inculcated  to  a certain  degree,  thus  increasing  to  just  such 
an  extent  their  chance  of  success.  The  head  of  one  of  the  largest 
mercantile  firms  in  New  York  said  to  me  that  he  would  consider  an 
employee  who  had  had  a good  military  education  as  worth  a larger 
salary,  to  do  the  same  kind  of  work,  than  one  who  had  not  had  such 
a training. 

Young  men  are  sent  to  college,  not  only  to  obtain  a technical 
knowledge  of  the  different  sciences  from  a study  of  books,  but  a 
broader  knowledge  of  the  world  and  human  nature  ; to  bring  out  and 
increase  those  traits  and  characteristics  that  distinguish  true,  fully- 
developed  manhood  from  the  spurious  article,  which  is  weak  and 
unable  to  grasp  the  opportunity  for  success  when  it  is  presented. 

The  military  department,  which  does  this  work  to  a great  extent, 
should  be  placed  on  a par  with  the  other  departments,  both  in  regard 
to  the  time  allotted  to  it,  and  the  interest  shown  towards  it,  by  the 
other  members  of  the  faculty.  The  professor  of  military  science  and 
tactics  should  be  loyally  supported  by  the  authorities  in  matters  of 
discipline,  and  the  students  be  thoroughly  impressed  with  the  impor- 
tance of  this  department.  The  officers  should  be  carefully  chosen 
from  those  who,  not  only  by  their  technical  knowledge  of  minor 
tactics,  but  also  by  their  personal  characteristics,  have  shown  their 
ability  to  assist  the  head  of  the  department  in  his  important  work. 
They  should  be  men  who,  as  officers,  will  command  the  respect  of 
those  under  them,  and  reflect  credit  on  their  college.  Under  these 
circumstances  the  officer’s  commission  would  be  a prize  eagerly 
sought  after,  and,  once  obtained,  too  highly  valued  to  be  lost 
through  poor  work. 

In  order  that  the  greatest  benefit  may  be  derived  from  the  military 
department,  both  by  the  college  and  the  students,  its  scope  should  be 
extended  to  the  greatest  possible  degree.  Make  these  agricultural 


80 


AGRICULTURAL  COLLEGE. 


[Jan. 


colleges  military  to  such  an  extent  that  the  students  shall  be  required 
to  wear  the  proper  military  uniform,  and  be  under  military  discipline 
whenever  they  are  on  the  college  grounds.  When  this  is  done,  and 
not  till  then,  will  the  idea  of  those  statesmen,  under  whose  fostering 
care  these  agricultural  colleges  were  started,  reach  its  highest  devel- 
opment and  bear  its  most  perfect  fruit. 
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TUBERCULOSIS, 

With  Especial  Reference  to  the  Disease  as  seen  in  Cattle  and 
Other  Domesticated  Animals. 

When  we  remember  that  tuberculosis  is  au  infectious  disease,  and 
that  one-seventh  of  all  persons  born  die  of  it,  that  it  exists  largely 
among  our  domestic  animals,  especially  the  bovine  race,  and  when  we 
consider  the  close  relation  that  exists  between  the  people  and  their 
cattle,  how  close  the  contact,  how  great  the  dependence  of  the  human 
race  upon  the  bovine  for  their  products  which  are  used  as  food,  and 
that  the  germ  which  produces  this  terrible  disease  may  be  transmitted 
from  one  person  to  another  or  from  one  animal  to  another,  or  from 
animal  to  person  ; it  seems  that  no  apology  is  necessary  for  the 
appearance  of  a second  paper  upon  the  subject  in  the  annual  report 
of  the  college. 

The  term  tuberculosis  has  reference  to  a disease  in  which  we  have 
formed,  as  a result  of  the  pathological  processes,  in  different  parts 
and  in  different  organs  of  the  body,  little  knots,  nodules,  or  tubercles. 
For  the  same  reason  the  disease  is  frequently  designated  pearl 
disease,  kernels,  or  grapes.  When  the  nodules  are  very  small,  it  is 
spoken  of  as  miliary  tuberculosis,  from  the  resemblance  the  little 
nodules  have  to  millet  seed.  When  the  tubercles  are  in  the  lungs 
this  disease  is  designated  phthisis,  phthisis  pulmonalis,  or  pulmonary 
consumption.  When  in  the  intestines,  or  the  mesenteric  glands,  tabes 
mesenterica  is  the  name  applied.  If  the  articulations  are  affected, 
tuberculosis  arthritis  or  bone  disease.  When  the  lymphatic  glands 
become  inflamed  and  nodular,  the  term  scrofula  is  used.  If  in  cows 
the  ovaries  are  the  seat  of  the  tuberculous  changes,  constant  rut  or 
heat  is  produced,  and  such  animals  are  designated  nymphomaniacs. 
Tuberculous  inflammation  of  the  coverings  of  the  brain  or  spinal  cord 
constitutes  tuberculous  meningitis.  As  one  of  the  prominent 
symptoms  is  general  unthriftiness  and  emaciation,  the  disease  is 
frequently  called  pining  or  wasting.  All  of  these  tuberculous  proc- 
esses, or  what  is  commonly  termed  consumption  of  the  lungs, 
bowels,  ovaries,  or  joints,  are  identical,  except  as  regards  their 
location. 

When  the  disease  is  present  in  only  one  or  two  places  in  the  body, 
it  is  said  to  be  local  ; when  it  has  attacked  many  of  the  organs,  or  is 
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widely  spread  throughout  the  whole  system,  it  is  spoken  of  as  general 
tuberculosis. 

Etiology. 

In  treating  of  the  etiology  of  tuberculosis,  we  have  to  consider 
the  exciting  and  predisposing  causes.  The  exciting  cause  is  the  one 
that  actually  gives  rise  to  the  disease.  The  predisposing  causes  are 
the  ones  which,  acting  upon  the  animal,  make  it  susceptible  to  an 
attack,  or  to  the  development  of  the  disease. 

The  exciting  cause  of  tuberculosis  is  a vegetable  germ  which  gets 
into  the  body,  localizes  itself,  and  by  its  growth,  development  and 
action  on  the  tissues  in  which  it  is  located,  produces  the  peculiar 
lesions  which  we  term  tubercles.  In  1882,  Dr.  Robert  Koch,  a 
German  bacteriologist,  after  years  of  careful  study  and  experiment 
declared  that  no  true  tuberculosis  could  exist  unless  this  germ  was 
present.  In  other  diseases  where  nodules  are  produced,  the  lesions 
are  spoken  of  as  tubercular , but  all  genuine  tuberculous  processes 
belong  to  tuberculosis,  and  are,  in  all  cases,  produced  by  this  par- 
ticular germ.  However,  the  two  terms  “ tubercular  and  tuberculous  ” 
are  used  synonymously. 

The  germ,  the  active  principle  of  the  tuberculous  virus,  belongs  to 
the  class  of  micro-organisms  called  bacteria,  and  to  a sub-class  called 
bacilli,  from  the  fact  that  the}T  appear  as  little  rods  under  the  micro- 
scope. They  are  very  small,  only  about  one  six- thousandth  to  one 
ten-thousandth  of  an  inch  in  length,  and  only  about  one-sixth  as 
broad  as  they  are  long.  From  the  fact  that  they  alone  can  produce 
tuberculosis,  and  only  this  disease,  they  have  been  named  the  tuber- 
cle bacilli. 

The  germs  can  be  cultivated  outside  of  the  animal  body  on  pre- 
pared blood  serum,  or  on  gelatinized  meat  broth  which  contains  from 
three  to  five  per  cent,  of  glycerine.  In  order  to  do  this  it  is  neces- 
sary to  get  tuberculous  material  from  some  place  where  it  has  not 
been  contaminated  by  other  germs,  from  the  air  or  other  sources. 
This  material  is  placed  upon  the  nutrient  media,  and  then  placed  in 
an  incubator,  where  a constant  temperature  of  98°  F.,  the  normal 
temperature  of  the  body,  can  be  maintained.  If  the  temperature  gets 
below  86°  F.,  or  above  105°  F.,  their  growth  ceases.  After  two  weeks 
or  so,  by  microscopic  examination,  small,  whitish  grains  are  seen 
upon  the  surface  of  the  nutrient  material.  These  little  grains  con- 
tinue to  increase  in  size  and  finally  form  a thick,  dry,  lustreless  coat- 
ing, which,  upon  higher  magnification,  is  found  to  be  composed 
almost  wholly  of  tubercle  bacilli.  If  some  of  this  material  is  intro- 
duced, under  antiseptic  precautions,  into  the  abdominal  cavity,  the 
circulation  or  into  the  anterior  chamber  of  the  eye  of  an  animal  that  is 
susceptible  to  tuberculosis  (the  rabbit,  Guinea-pig,  mouse) , in  a varia- 
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ble  time,  from  a few  days  to  a few  weeks,  the  animal  so  inoculated 
will  be  found,  upon  post  mortem  examination,  to  have  well-marked 
tubercles  in  different  parts  of  the  body,  depending  upon  the  place 
chosen  for  inoculation  and  the  number  of  bacilli  introduced.  In 
these  tubercles  may  be  found  germs  with  the  same  characteristics  as 
those  which  grew  on  the  nutrient  material,  and  with  which  the  animal 
.was  inoculated.  If  fresh,  uncontaminated  material  which  contains 
the  micro-organism  from  the  diseased  animal  be  introduced  into  the 
circulation  of  a healthy  one,  it  also  will  show  well-marked  lesions 
characteristic  of  the  disease.  Material  for  cultivation  may  also  be 
obtained  from  these  experiment  animals,  which,  when  planted  upon 
suitable  media,  will  grow  and  produce  the  peculiar  whitish  grain-like 
colonies  noticed  in  the  original  culture. 

As  the  tubercle  bacillus  requires  a temperature  of  86°  to  105°  F. 
for  a considerable  length  of  time  for  its  growth,  it  cannot  multiply 
outside  of  the  animal  body  under  ordinary  conditions  of  nature. 

It  is  important  to  bear  this  in  mind,  for,  unless  the  germ  be 
present,  we  can  have  no  tuberculosis.  Again,  as  the  germ  cannot 
multiply  except  under  very  favorable  conditions,  tuberculosis  cannot 
spread  to  any  great  extent  except  by  presence  of  a tuberculous 
patient.  On  the  other  hand,  when  the  germs  do  become  scattered 
in  a locality,  it  is  very  difficult  to  get  rid  of  them.  While  they  do 
not  increase  in  number  outside  of  the  body,  they  are  very  resistant 
against  the  forces  of  nature  which  readily  destroy  many  micro- 
organisms. 

It  has  been  found  that  the  bacilli  in  the  sputum  from  a tuberculous 
person  may  retain  their  vitality,  even  after  having  been  dried  for 
months.  At  the  same  time  it  requires  a temperature  near  the  boiling 
point  of  water  to  kill  them.  Decomposition  does  not  destroy  their 
vitality  but  sets  them  free  from  the  tissues  in  which  they  may  be 
situated.  Unlike  most  bacteria,  they  can  withstand  the  action  of  the 
acid,  gastric  juices  in  the  stomach,  and  still  retain  their  infectious 
qualities.  This  explains  how  the  disease  may  develop  in  the  intes- 
tines or  the  mesenteric  glands,  when  animals  are  fed  with  the  prod- 
ucts of  tuberculous  subjects. 

It  has  generally  been  supposed  that  the  tubercle  bacilli  produced 
spores,  and  that  while  the  germs  themselves  were  destroyed  by 
drying,  heat  and  cold,  the  spores  retained  their  vitality,  and  that 
when  placed  under  favorable  conditions  they  would  germinate,  grow 
and  multiply.  Our  knowledge  of  the  subject  at  present  does  not 
warrant  our  saying  for  certain  that  spores  are  produced  by  the  bacilli. 
The  process  which  has  been  described  as  sporulation  has  probably 
been  one  of  vacuolation.*  Practically  it  makes  but  little  difference, 
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for  we  know  that  the  germ  can  withstand  the  action  of  cold,  a high 
degree  of  heat,  the  process  of  decomposition  and  digestion  without 
being  destroyed.  This  is  accounted  for  by  the  fact,  which  has  been 
discovered  in  staining,  that  the  cell  wall  or  covering  of  the  germ  is 
very  tough  and  resistant.  These  peculiarities  of  the  bacilli,  also 
explain  why  it  is  so  difficult  to  rid  a stable  of  the  infectious  principle 
when  once  the  germ  becomes  scattered  about  it  by  tuberculous  animals 
or  persons.  For  this  reason,  when  the  material,  which  contains  the 
germ  of  the  disease  from  a consumptive  subject,  becomes  scattered 
about  the  house  in  which  the  person  lives,  the  disease  is  very  likely 
to  remain  a long  time  in  the  locality.  The  matter  in  which  the  micro- 
organisms are  held,  decomposes,  dries,  disintegrates  into  dust,  and 
the  bacilli  are  set  free  ; they  become  mixed  with  the  dust  and  for  a 
long  time  retain  their  infectious  qualities,  and  when  brought  under 
favorable  conditions  they  grow  and  multiply.  These  favorable  con- 
ditions may  be  in  the  lungs  or  in  the  blood  of  a susceptible  animal  or 
person.  As  soon  as  they  become  dry  and  mixed  with  the  dust,  they 
may  be  set  in  motion  by  currents  of  air  and  produce  the  disease  by 
being  breathed  into  the  lungs,  or  what  is  rather  more  unusual,  by 
getting  into  the  circulation  through  some  abrasion  of  the  skin  or 
mucous  membrane,  or  being  taken  into  the  alimentary  tract  with  the 
food. 

That  we  are  dealing  with  facts,  supported  by  accurate  experiments 
has  been  proved  by  Cornet.  He  ascertained  that  the  tubercle  bacilli 
are  not  scattered  all  about  us,  only  waiting  for  favorable  conditions 
for  development,  but  that  they  are  only  met  with  in  well-defined  cir- 
cumscribed regions,  the  centre  of  which  is  a tuberculous  animal  or 
person.  It  is  a well-known  fact  that  the  sputa  coughed  from  the 
lungs  contain  great  numbers  of  the  bacilli. 

He  further  proved  that  the  dust  of  houses  in  which  consumptive 
persons  lived  contained  the  tubercle  bacilli.  This  was  done  by  intro- 
ducing small  quantities  of  the  dust  into  the  abdominal  cavities  of 
Guinea-pigs,  and  in  every  case  where  the  dust  came  from  houses 
inhabited  by  consumptive  persons  tuberculosis  followed.  The  inocu- 
lation with  dust  from  houses  not  inhabited  by  consumptives  gave  no 
tuberculosis  when  introduced  iuto  the  abdominal  cavity  of  the  pig. 

This  same  investigator,  after  having  proved  that  the  germs  were 
present  in  the  dust  of  houses  inhabited  by  consumptives,  clearly 
demonstrated  how  they  become  scattered.  This  is  by  two  means ; 
expectorating  upon  the  floor,  or  what  is  more  common  and  a more 
dangerous  procedure,  expectorating  into  the  handkerchief,  for  there 
the  most  favorable  conditions  exist  for  the  drying  of  the  sputa  and 
the  conversion  of  it  into  dust  by  the  repeated  use  of  the  cloth.  He, 
also  found  that  the  bed-clothes  on  which  the  handkerchief  lies  during 
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the  night  ready  to  be  taken  up  during  paroxysms  of  coughing  was 
a fruitful  place  for  the  deposit  of  tubercle  bacilli. 

The  views  of  Cornet  have  been  supported  by  the  work  of  others 
who  have  made  a careful  study  of  the  subject.  They  have  found 
that  in  certain  sections  of  a city  tuberculosis  may  be  very  common 
among  the  inhabitants,  where  the  sanitary  conditions  were  less  favor- 
able to  its  development,  than  in  some  other  part  of  the  place  where 
little  would  exist. 

Just  how  the  bacilli  produce  the  characteristic  tubercle  of  this 
disease  is  not  known.  Probably  it  is  something  as  follows  : The 
germs  get  into  the  body  and  are  carried  along  by  the  fluids  or  by 
wandering  cells,  into  the  cells  where  tuberculous  inflammation  follows 
their  growth  and  multiplication.  As  a result,  there  is  a destruction 
of  the  original  cells  of  the  tissue  and  the  production  of  lymphoid, 
epithelioid  cells,  and  a peculiar  body  called  a giant  cell,  in  which  the 
tubercle  bacilli  are  usually  located.  The  tuberculous  nodules  are 
devoid  of  newly  formed  blood  vessels,  and  the  old  ones  leading  to  the 
part  soon  becomes  impervious.  By  the  action  of  the  tubercle  bacilli 
other  changes  follow  which  come  under  the  head  of  cheesy  degener- 
ation aud  necrosis.  The  cells  in  the  central  part  of  the  nodule  lose 
their  nuclei  and  degenerate  into  a hyaline  or  granular  mass.  This 
necrotic  portion  is  surrounded  by  a zone  of  epithelioid  cells  associ- 
ated with  giant  cells,  and  these  in  turn  are  surrounded  by  lymphoid 
cells.  These  small  nodules  may  increase  in  size  by  growth  around 
the  periphery ; but  large  tumor-like  tuberculous  masses  are  produced 
by  the  coalescence  of  a number  of  small  tubercles.  The  whole 
process  is  one  of  tuberculous  inflammation,  and,  as  described,  usually 
produces  miliary  tubercles,  but  may,  in  certain  organs,  produce 
diffuse  masses  of  tubercle  tissue,  which  are  called  infiltrated  tubercles, 
to  distinguish  them  from  the  miliary  nodules. 

The  cause  and  development  of  the  disease  depends  largely  upon 
the  manner,  the  number  of  germs  and  the  condition  of  the  animal’s 
system  at  the  time  they  gain  access  to  the  body.  In  cattle,  and  in 
fowls  especially,  the  tubercles  tend  to  become  calcareous  from  the 
deposition  of  lime  in  them. 

The  exciting  cause  of  the  disease  in  all  persons  or  animals  is  the 
same  ; without  the  tubercle  bacilli  there  can  be  no  true  tuberculosis. 


The  Predisposing  Causes. 

Species  of  Animals . — The  bovine  race,  of  all  our  domestic  ani- 
mals, is  especially  liable  to  this  disease,  as  much  or  more  than  mem- 
bers of  the  human  family,  and  the  question  as  to  its  identity  and 
its  transmission  from  one  race  to  another  is  practically  settled. 
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Fowls  come  next  in  order  of  susceptibility,  and  not  only  do  we 
find  the  disease  common  in  ordinary  barnyard  fowls,  but  in  pigeons, 
pet  house-birds,  and  other  pet  animals,  like  the  rabbit  and  Guinea- 
pig,  when  kept  in  domestication. 

Pigs  contract  the  disease  readily,  but  from  the  fact  that  they  are 
slaughtered  early  in  life  the  disease  rarely  reaches  great  development, 
and  frequently  the  tubercles  are  so  small  that  they  are  not  noticed 
upon  casual  examination. 

Tuberculosis  is  rarely  found  in  the  cat,  dog  or  sheep.  It  is  found 
less  frequently  in  the  horse  than  in  other  domestic  animals.  In  fact, 
only  a few  authentic  cases  have  been  reported  in  which  the  tubercle 
bacilli  have  been  found,  in  the  diseased  nodules,  in  this  animal. 


Hereditary  Predisposition. 

That  there  exists  in  a person  or  an  animal  born  of  tuberculous 
parents  a predisposition  to  acquire  the  disease  more  readily  than  one 
born  of  perfectly  healthy  parents,  is  a fact  so  familiar  that  the 
expression  “ belongs  to  a consumptive  family,”  is  frequently  heard. 
It  is  the  opinion  of  some  that  hereditary  tuberculosis  can  be  accounted 
for  in  this  way  : — The  micro-organisms  get  into  the  system  during 
the  intra-uterine  period,  and  remain  dormant  in  the  tissues  until  some 
change,  either  chemical  or  physical,  takes  place  in  the  body  which 
favors  their  growth.  This  change  may  not  come  about  for  years,  but 
when  it  does  the  disease  develops. 

Dr.  Koch  throws  some  light  upon  this  point  in  his  4 1 Etiology  of 
Tuberculosis.”  He  says,  “ No  facts  exist  which  justify  the  supposi- 
tion that  intra-uterine  or  extra-uterine  tuberculous  bacilli  can  be 
present  in  the  organism  of  a child  without  bringing  about  visible 
changes  in  a comparatively  short  time.  But  until  now  tuberculosis 
has  been  very  seldom  found  in  the  foetus  or  the  newly  born  child, 
and  we  may,  therefore,  conclude  that  the  infectious  material  has 
effect  only  exceptionally  during  intra-uterine  life.  This  supposition 
is  confirmed  by  the  fact  that  of  my  experimental  animals,  especially 
Guinea-pigs  which  were  pregnant  before  or  after  tuberculous  infec- 
tion, none  have  ever  borne  young  which  were  tuberculous  at  birth. 
The  young  coming  from  mothers  tuberculous  to  a high  degree  were 
free  from  tuberculosis,  and  remained  healthy  for  months.  In  my 
opinion,  hereditary  tuberculosis  finds  its  most  natural  explanation  if 
it  be  supposed  that  not  the  infectious  germ  itself,  but  certain  quali- 
ties favoring  the  development  of  the  germ,  coming  into  contact  with 
the  body  at  a later  period,  therefore,  that  which  we  call  disposition, 
be  inherited.”  What  there  is  in  Koch’s  experiments  that  is  appli- 
cable to  the  human  race  seems,  also,  to  apply  to  the  bovine. 
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If  we  are  to  rely  upon  his  work  and  that  of  other  bacteriologists  in 
relation  to  hereditary  and  congenital  development  of  tuberculosis,  it 
would  seem  that  the  germ  is  seldom  found  in  the  foetus,  and  that  it  is 
not  the  bacillus  that  is  transmitted  from  the  parent  to  the  offspring, 
but  the  condition  of  the  system  which  favors  the  growth  of  the  para- 
site within  it,  and  of  which  we  speak  as  hereditary  predisposition  or 
tuberculous  diathesis.  But  it  matters  not  how  great  the  predispo- 
sition, tuberculosis  will  never  develope  in  such  an  individual  unless 
the  exciting  cause  is  present. 

That  congenital  tuberculosis  is  rare  may  be  inferred  from  the  fact 
that  only  one  or  possibly  two  cases  are  on  record. 

Proximity  to  Tuberculous  Animals  a Predisposing  Cause.  — Every 
animal  suffering  from  disease  is  a centre  of  infection  for  others. 
They  may  give  out  from  the  body  living  germs  which  may  gain  access 
to  a healthy  animal,  and  in  it  give  rise  to  the  malady.  An  animal  or 
person  having  the  hereditary  predisposition  would  be  the  one  most 
likely  to  suffer  by  coming  in  contact  with  the  affected. 

After  years  of  careful  study  of  the  subject,  Dr.  Brush  says,  “If 
a community  is  closely  associated  with  in-bred  dairy  cattle,  tuber- 
culosis prevails.” 

Domestication.  — Animals  in  the  wild  state  are  rarely  affected,  but 
as  soon  as  brought  under  the  influence  of  domestication,  in  contact 
with  the  human  race,  in  which  the  disease  is  so  prevalent,  they  soon 
become  subjects  of  the  disease.  In  cattle  is  this  especially  true,  and 
those  running  at  large  on  our  western  plains  furnish  us  with  a good 
example.  Among  them  it  is  not  often  the  disease  is  found,  but  as 
we  come  East  into  a thickly  populated  territory,  or  go  into  the  cities 
where  the  cattle  are  more  under  the  influence  of  domestication,  we 
find  a greater  number  affected.  This  effect  of  domestication  is  not 
alone  seen  in  cattle  but  also  in  wild  animals,  like  the  lions,  monkeys 
and  birds.  Frequent  reports  of  the  deaths  of  these  animals  from 
this  cause  come  from  our  zoological  gardens. 

Breeds. — No  breed  is  exempt  from  the  disease,  but  some  are 
more  susceptible  than  others.  In  Jerseys  and  Guernseys  this  suscep- 
tibility seems  most  marked,  but  perhaps  not  more  so  than  in  some 
strains  of  Shorthorns  which  have  been  bred  in  a particular  line  for  a 
long  time.  What  applies  to  the  Shorthorns  also  applies  to  the  Ayr- 
shires.  While  in  the  Herefords,  Devons  and  Holsteins  the  disease  is 
by  no  means  rare,  it  is  not  as  prevalent  as  in  the  breeds  first  named. 
Our  hardy  native  stock,  the  common  grades  of  New  England,  are  as 
free  from  it  as  any.  Breeding-in,  as  practiced  by  some  breeders, 
is  a predisposing  cause,  from  the  fact  that  such  a course  tends  to 
weaken  the  constitution  or  lower  the  vitality  of  the  tissues  of  the 
body,  and  makes  them  less  able  to  thwart #the  attack  of  the  germ  or 
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any  external  influence  that  might  cause  disease.  Again,  breeding  in 
and  in  from  affected  animals  would  increase  the  dangers  arising  from 
hereditary  predisposition. 

Early,  late  and  over-breeding  of  animals  pre*disposes  them  to  an 
attack  of  tuberculosis  because  it  tends  to  weaken  the  constitution  so 
that  once  the  germ  gains  admittance  to  the  body  there  is  not  that 
opposition  on  the  part  of  the  tissues,  to  the  attack  of  the  invader, 
that  we  see  in  a rugged,  healthy  animal. 

Allowing  heifers  to  breed  too  young  prevents  their  strong,  full  and 
normal  development.  Breeding  from  old  cows  which  produce  large 
quantities  of  milk,  and  whose  bodies  in  consequence  are  not  strong, 
will  give  small,  wreak  calves  that  are  particularly  liable  to  contract 
the  disease,  and,  furthermore,  the  mother  on  account  of  her  depleted 
condition  is  predisposed. 

Physical  Conformation  or  u'hat  is  commonly  termed,  the  Build  of  an 
Animal.  — Those  with  disproportionately  long  legs  and  narrow  chests, 
are  predisposed  to  the  disease.  The  same  is  seen  in  human  beings. 
Narrow-chested,  round-shouldered  people  who  have  small  lung  capacity 
are  more  subject  to  this  affection  than  those  writh  full  chests  and 
square  shoulders.  Still,  what  may  be  considered  a faulty  conforma- 
tion in  cattle  may  be  the  evidence  of  the  tuberculous  diathesis  which 
the  animal  may  have  inherited. 

Debility  is  a predisposing  cause,  whether  the  result  of  excessive 
milking,  deficiency  of  food,  food  poor  in  qualify,  weakness  following 
parturition,  loss  of  blood,  purgation  or  previous  disease.  All  of 
these  influences  acting  together  cannot  cause  the  disease,  but  they  so 
lessen  the  vitality  of  the  animal,  and  produce  such  changes  in  the' 
body  as  render  it  more  liable  to  the  invasion  and  multiplication  of 
the  parasite. 

Bad  sanitary  conditions  are  classed  as  fruitful  predisposing  causes 
of  tuberculosis.  With  the  great  improvement  made  in  the  last  few 
years  in  the  construction  of  stables,  there  has  not  been  a correspond- 
ing improvement  in  the  methods  of  draining,  lighting  and  ventilating. 
In  older  stables,  built  of  rough  boards,  air  could  easily  pass  in  and  out 
of  the  building,  but  by  the  use  of  matched  boards,  building  paper 
and  clapboards,  this  is  prevented  and  oftentimes  we  find  the  front  of 
the  mangers  tightly  closed,  so  that  the  animals  are  compelled  to  stand  in 
a small,  close  space,  surrounded  by  an  atmosphere  heated  by  their 
bodies  and  containing  the  impurities  that  come  from  the  bodies,  lungs 
and  excrement.  All  of  these  conditions  have  a depleting  effect  upon 
the  system.  If  tuberculosis  gets  among  animals  kept  under  such 
hygienic  circumstances,  it  usually  spreads  rapidly,  and  generally  runs 
a very  acute  course.  Whereas,  if  the  same  herd  of  animals  is  put 
into  a stable  where  there'is  sufficient  light,  pure  air  and  good  drain- 
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age,  the  spread  of  the  disease  from  sick  to  healthy  is  greatly  lessened, 
and  in  some  animals,  only  slightly  affected,  there  may  be  appearances 
of  recovery.  Too  much  cannot  be  said  on  this  point,  especially  where 
the  disease  has  made  its  appearance  in  a herd.  Good  hygienic  sur- 
roundings will  more  surely  prevent  the  rapid  spread  of  the  trouble 
than  will  the  use  of  quantities  of  drugs. 

Climate  and  Locality.  — Statistics  go  to  show  that,  while  the  dread 
disease  exists  among  nearly  all  people  and  all  cattle,  it  is  much  more 
common  in  some  climates  and  in  particular  localities.  It  is  more 
prevalent  in  tropical  than  in  colder  regions,  most  seen  where  the  climate 
is  changeable,  where  there  is  a great  range  and  sudden  changes  in 
temperature.  Climatic  conditions  like  our  own  favor  the  develop- 
ment of  it,  while  the  equable  temperature  and  dry  air  of  Colorado 
prevent  its  rapid  spread. 

In  and  about  our  large  cities  the  cattle  are  more  largely  affected  than 
in  the  country  towns,  for  the  reason  that  they  are  closely  crowded 
into  badly-lighted,  poorly-drained,  and  ill-ventilated  stables,  where 
they  are  compelled  to  remain  throughout  the  whole  year,  not  being 
allowed  the  advantages  of  a run  in  pasture.  In  such  places  the 
methods  of  feeding,  forcing  the  animal  to  produce  a large  quantity 
of  milk,  tend  to  undermine  the  health. 

The  practice  among  cattle  dealers  of  the  State  of  exchanging  new 
milch  cows  for  farrow  ones  in  the  cities,  and  taking  the  latter  out  into 
the  country,  is  fast  increasing  the  number  of  diseased  animals  in  some 
of  our  western  towns.  It  is  also  spreading  tuberculosis  among  the 
healthy  herds  of  the  State.  The  affected  animal,  poor  in  flesh, 
from  the  city  is  represented  by  the  dealer  to  be  in  this  emaciated  con- 
dition from  the  process  of  forcing  ; she  is  offered  at  a low  price,  and 
the  unsuspecting  country  farmer,  in  consideration  of  the  price  and 
the  promise  in  some  cases  to  repurchase  after  calving,  buys  the  ani- 
mal and  innocently  introduces  into  his  herd  a contagious  and  fatal  dis- 
ease, which  will  be  difficult  to  eradicate  and  which  in  time  will  destroy 
his  entire  herd. 

Mea*ns  of  Infection  and  Propagation  of  Tuberculosis. 

The  principal  method  of  infection  is  by  the  inhalation  of  dried 
tubercle  bacilli  into  the  lungs.  Wherever  we  find  it  spreading  among 
cattle,  the  lungs  or  the  bronchial  glands  are  the  first  organs  affected. 
It  has  been  shown  that  the  germs  retain  their  vitality  after  months  of 
drying,  and  then,  by  becoming  attached  to  ^particles  of  dust,  can  be 
floated  in  the  air  for  a considerable  time.  In  this  condition  they  are 
inhaled.  To  be  sure,  many  may  be  removed  again  from  the  lungs, 
without  doing  harm,  by  being  mixed  with  the  secretion  of  the  mucous 
membrane,  or  by  the  cillia  on  the  epithelium,  covering  the  mucous 
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lining  of  the  bronchial  tubes  ; but  such  is  not  always  the  case.  If  in 
the  lungs  there  is  a small  diseased  spot  of  low  vitality,  with  which 
they  may  come  in  contact,  they  will  germinate  and  produce  tubercles. 
These  increase  in  size  and  number,  several  coalesce,  their  walls 
finally  break,  and  the  contents  of  the  tubercles  are  discharged  into 
the  bronchial  tubes,  where  it  is  mixed  with  the  mucous  secretion. 
From  here  it  finds  its  way  to  the  throat  and  is  expectorated  or 
swallowed.  In  either  case  they  are  finally  set  free  from  the  body  and 
may  under  favorable  conditions  infect  other  animals. 

In  Koch’s  etiology  of  this  disease  we  find  the  following  statement 
referring  to  the  source  of  tubercle  bacilli,  and  means  of  infection  and 
propagation  among  animals  : “The  animals,  as  is  well  known,  pro- 
duce no  sputum,  so  that  during  their  life  no  tuberculous  bacilli  get 
from  them  into  the  outer  world  by  means  of  the  respiratory  passages.” 
My  own  experience  has  proved  differently,  and,  while  they  may  not 
produce  what  we  term  sputa,  as  applied  to  the  human  production, 
consisting  of  pus  and  mucous  coughed  from  the  lungs  to  the  mouth 
and  then  expectorated,  they  do  have  a discharge  from  the  nostrils 
which  in  many  cases  contains  the  bacilli.  This  material  has  the  con- 
sistency of  mucous,  is  slightly  stringy  and  steel  gray  in  color,  from 
the  admixture  of  particles  of  dust  which  are  taken  in  with  the 
inspired  air.  Under  the  microscope  pus  cells  are  rarely  found,  show- 
ing that  the  material  does  not  come  wholly  from  broken  down  tuber- 
cles in  the  lungs,  but  is  probably  mucous  from  the  bronchial  tubes. 
Stained  cover  glass  specimens  show  numerous  bacilli. 

During  the  past  few  months  I have  diagnosed  several  cases  of  the 
disease  in  cows  by  this  means,  when  other  pathognomonic  symptoms  * 
were  wanting.  I have  also  found  that  this  material  coming  from  the 
nostrils  may  become  spread  about  the  manger,  getting  upon  the 
woodwork,  or  the  feed  in  the  immediate  vicinity  of  the  animal.  The 
tubercle  bacilli  are  set  free  by  drying  and  become  mixed  with  the 
dust  of  the  stable,  which  is  frequently  set  in  motion  by  the  moving  of 
hay,  sweeping,  etc.  The  particles  of  dust,  with  the  tubercle  bacilli 
attached,  floating  in  the  air  are  inhaled  into  the  lungs  or  they  may  be 
taken  into  the  alimentary  tract  with  feed  to  which  they  may  have 
become  attached. 

From  the  feet  that  in  cattle  the  greater  proportion  of  cases  of  this 
disease  first  develops  in  the  lungs  or  the  neighboring  lymphatic 
glands,  I conclude  that  it  is  mainly  propagated  by  the  escape  of  the 
germs  with  the  mucous  ’from  the  nostrils,  and  that  the  principal 
method  of  infection  is  by  the  inhalation  of  the  dry  bacilli. 

A second  method  of  infection  is  by  ingestion,  — by  taking  into  the 
stomach  food  or  other  material  which  contains  the  living  germs.  As 
* Symptoms  indicating  wiih  certainty  the  disease  which  produces  it. 
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already  mentioned  tubercle  bacilli  differ  from  many  others  in  one 
particular,  — they  are  not  destroyed  by  the  action  of  the  gastric 
juices  in  the  stomach,  and  can  pass  into  the  intestines,  multiply  and 
produce  the  disease  if  the  conditions  are  suitable. 

It  has  been  found  repeatedly  that  feeding  tuberculous  products  to 
susceptible  animals  will  produce  the  disease.  Human  sputa  contain- 
ing the  germs,  fed  to  fowls  will  produce  tuberculosis.  Tuberculous 
meat  or  milk  will  give  the  same  results  if  fed  to  calves  or  Guinea- 
pigs.  Taking  all  of  the  facts  into  consideration,  we  may  be  sure  that 
milk  or  meat  containing  the  bacilli  may  produce  the  disease  in  human 
beings  especially  in  young  children. 

The  work  of  Doctors  Ernst  and  Peters  for  the  Massachusetts 
Society  for  Promoting  Agriculture,  in  relation  to  tuberculous  milk 
and  its  effect  upon  animals  is  very  interesting  and  instructive. 

They  have  demonstrated 

“ First , And  emphaticall}’,  that  the  milk  from  cows  affected  with  tuber- 
culosis in  any  part  of  the  body  may  contain  the  virus  of  the  disease. 

Second,  That  the  virus  is  present  whether  there  is  disease  of  the  udder 
or  not. 

Third , That  there  is  no  ground  for  the  assertion  that  there  must  be  a 
lesion  of  the  udder  before  the  milk  can  contain  the  infection  of  tuberculosis. 

Fourth,  That,  on  the  contrary,  the  bacilli  of  tuberculosis  are  present  and 
active  in  a very  large  proportion  of  cases  in  the  milk,  in  cows  affected  with 
tuberculosis,  but  with  no  discoverable  lesion  of  the  udder.” 

The  results  obtained  from  certain  feeding  experiments  with  calves, 
show  that  there  were  thirteen  calves  used,  and  fed  for  varying  lengths 
of  time  with  milk  from  cows  affected  with  tuberculosis,  but  not  of  the 
udder.  Of  those  so  fed  41.66  per  cent,  were  found  upon  post-mortem 
examination  to  be  diseased.  In  the  same  experiment,  with  pigs  40 
per  cent,  gave  positive  results. 

Infection  by  inoculation  occurs  when  the  germs  gain  entrance  to 
the  body  through  some  abrasion  of  the  skin, — it  may  be  intentional 
or  accidental.  Intentional  inoculation  is*  made  upon  susceptible 
animals,  like  the  rabbit  and  Guinea-pig,  for  the  purposes  of  investi- 
gation or  study.  Accidental  infection  may  take  place  in  the  human, 
in  making  post-mortem  examinations,  if  the  skin  is  cut  with  the  knife 
or  scratched  on  a sharp  piece  of  bone ; or  it  might  occur  in  slaughter- 
ing affected  animals,  if  there  was  a sore  on  any  part  of  the  body 
through  which  the  virus  could  get  into  the  circulation.  It  does  not 
appear  that  the  disease  is  spread  to  any  great  extent  among  animals 
by  this  means  of  infection.  However,  if  there  be  an  abrasion  of  the 
skin  or  mucous  membrane,  there  is  no  reason  why  the  germs  should 
not  get  into  the  circulation  in  such  a case,  and  produce  the  disease, 
as  well  as  in  man  or  in  animals  intentionally  inoculated. 
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Diagnosis  of  Tuberculosis  in  Cattle. 

In  the  early  stages  of  this  disease  pathognomonic  symptoms  are 
usually  wanting.  It  is  insidious  in  its  attack  and  may  easily  be  mis- 
taken for  some  other  trouble. 

Diagnosis  may  be  made  by  physical  examination,  or  by  finding  tuber- 
cle bacilli  in  the  mucous  that  comes  from  the  nostrils,  in  the  milk,  in 
pus  found  in  sub-cutaneous  abscesses  that  at  times  form  in  different 
parts  of  the  body,  or  in  the  excrement  of  the  animal.  The  method  by 
physical  examination  is  the  most  common,  and  the  one  generally  relied 
upon.  For  making  microscopical  examinations  for  the  bacilli  the 
reader  is  referred  to  Koch’s  “Etiology  of  Tuberculosis,”  or  to -any 
of  the  treatises  on  bacteriology,  particularly  Fraeknel’s. 

In  making  this  examination  for  the  tubercle  bacilli,  we  have  to 
allow  for  their  accidental  appearance  in  the  material  examined.  This 
is  not  likely  to  occur,  and  any  doubt  may  be  removed  by  making 
several  examinations  at  intervals  of  two  or  three  days.  When  it  is 
found  upon  repeated  examination  of  any  product  of  an  animal  that 
the  bacilli  are  present,  it  is  conclusive  evidence  of  the  existence  of 
tuberculosis.  But  the  absence  of,  or  failure  to  detect,  the  germ  is 
not  as  satisfactory  evidence  of  the  absence  of  the  disease  as  is  their 
presence  of  its  existence. 

The  physical  signs  or  symptoms  vary  greatly  in  different  cases  and 
depend  largely  upon  the  constitution,  state  and  keeping  of  the  animal, 
the  organs  affected  and  the  course  of  the  disease,  whether  acute  or 
chronic. 

In  the  first  stages  of  it  in  any  form  it  is  difficult  to  diagnose  by  the 
physical  symptoms,  but  as  the  disease  progresses  there  are  certain 
general  symptoms  usually  found  in  all  cases. 

In  the  first  stages  the  animal  is  noticed  to  be  ailing,  there  is  marked 
dullness,  want  of  life,  as  shown  by  the  movements  about  the  stable  or 
yard,  the  hair  is  rough  and  erect,  the  skin  harsh  and  dry,  there  may  be 
slight  fever  (which  lasts  for  only  a few  days  and  then  disappears) , heat 
of  the  horns  and  dryness  of  the  nose.  A thermometer  inserted  into 
the  rectum  or  vagina  and  allowed  to  remain  for  five  or  ten  minutes  will 
show  that  the  internal  temperature  is  102°  or  103°  F.  The  pulse  may 
be  quickened,  fifty  or  fifty-five  beats  to  the  miuute  ; respirations  more 
frequent.  All  of  these  symptoms  are  those  of  fever,  are  common  to 
many  other  diseases,  and  are  not  a constant  or  characteristic  sign  of 
tuberculosis.  As  the  disease  progresses  there  may  be  a dry,  deep, 
husky  cough  at  varying  intervals,  perhaps  at  first  it  may  not  be  heard 
more  than  a few  times  a da}~,  bnt  is  most  noticeable  when  the  animal 
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is  compelled  to  exert  Itself  or  is  allowed  to  go  from  the  stable  into 
the  fresh  air.  The  lymphatic  glands  in  different  parts  of  the  body 
may  become  hard  and  nodular,  especially  those  in  the  sub-maxillary 
space,  or  those  in  front  of  the  shoulder  at  the  base  of  the  neck,  or  in 
the  flank. 

Upon  further  development  of  the  disease,  the  animal  becomes  ema- 
ciated, hide-bound,  hair  more  erect,  the  eyes  sunken  in  the  sockets 
from  loss  of  fat,  and  the  mucous  membrane  becomes  pale  and  blood- 
less. If  the  lungs  are  badly  diseased,  the  cough  becomes  more  fre- 
quent, the  respiration  shorter  and  sharper,  especially  noticeable  if  the 
animal  is  made  to  exercise.  If  the  ear  is  applied  to  the  sides  of  the 
thorax  a dull,  harsh  murmur  is  heard  over  the  diseased  portions  of  the 
lungs.  When  large  areas  are  involved  the  natural  respiratory  mur- 
mur may  not  be  detected  at  all,  only  tubular  sounds.  If  there  is  con- 
siderable tuberculous  pleuritis  a fine  rasping  sound,  like  that  produced 
by  rubbing  the  hair  between  the  thumb  and  finger,  may  be  noticed. 
Percussion  of  the  chest  walls  between  the  ribs  may  produce  pain  as 
shown  by  flinching.  Percussion  over  consolidated  areas  gives  a dead, 
dull  sound  in  place  of  the  natural  resonance.  If  cavities  exist  in  the 
lungs  there  is  increased  resonance.  The  digestion  becomes  impaired, 
the  appetite  is  fickle,  attacks  of  indigestion  are  common,  and  there 
may  be  constipation  or  a diarrhoea,  while  tympanitis  or  bloating  follows 
eating  or  drinking.  The  secretion  of  milk  may  not  be  greatly  disturbed, 
garget  without  any  apparent  cause  may  appear,  and  lameness  and 
swelling  of  the  joints  may  often  be  noticed. 

When  the  ovaries  in  the  cow  are  diseased  the  animal  shows  signs 
of  persistent  heat,  and  may  take  the  bull,  but  conception  and  the 
completion  of  gestation  are  uncommon. 

In  the  male  the  testicles  may  be  the  seat  of  the  disease.  When 
such  is  the  case,  they  become  hot,  tender  and  inflamed.  Such  animals 
are  useless  for  breeding  purposes. 

In  the  last  stages,  all  of  the  symptoms  become  aggravated,  the 
animal  may  become  very  poor  and  weak,  the  cough  more  frequent, 
loose  and  rattling.  If  the  ear  is  applied  to  the  side  of  the  thorax  in 
this  stage,  the  natural  respiratory  murmur  is  not  heard,  only  tubular 
breathing  and  a distinct  rattling  or  gurgling  sound.  Percussion  shows 
large  areas  of  the  lungs  which  have  become  solid.  The  respirations  are 
very  rapid,  short  and  labored.  Profuse  foetid  diarrhoea  is  marked,  if 
the  intestines  are  the  seat  of  the  disease. 

In  this  condition  the  animal  may  live  for  several  weeks  or  months, 
gradually  growing  poorer  and  weaker,  until  death  follows,  — the 
result  of  exhaustion,  pyaemia  or  diarrhoea. 

From  the  complexity  of  the  symptoms  enumerated,  it  is  quite  a 
difficult  matter  for  the  inexperienced  to  diagnose  the  disease.  But 
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there  are,  in  some  cases,  certain  well-marked,  distinct  symptoms  of 
the  malady,  by  which  one  ought  with  some  degree  of  certainty  to  form 
a correct  opinion,  provided  he  knows  that  tuberculosis  does,  or  has  at 
some  time  existed  in  the  herd. 

The  first  and  most  important  sign  of  the  ailment  is  a chronic  cough. 
When  this  is  found  with  general  unthriftiness  and  loss  of  condition, 
it  is  quite  enough  to  cause  the  animal  to  be  separated  from  the  others. 

Another  characteristic  symptom  is  recurrent  tympanitis,*  which 
appears  after  eating  or  drinking,  without  apparent  cause  (such  as 
change  of  food,  eating  of  turnips,  potatoes  or  other  vegetables),  and 
is  not  cured  by  the  ordinary  purgative  treatment,  for  tympanitis,  the 
result  of  indigestion.  Bloating  in  these  cases  is  caused  by  the 
pressure  of  the  enlarged  tuberculous,  bronchial  lymphatic  glands  on 
the  oesophagus,  which  passes  between  the  glands  and  the  roots  of  the 
lungs,  thereby  preventing  the  natural  escape  of  the  gas  through  the 
oesophagus  from  the  stomach. 

Frequent  attacks  of  constipation  followed  by  chronic  diarrhoea 
should  be  regarded  as  almost  a sure  symptom,  showing  a tuberculous 
condition  of  the  int  estines  and  mesentery. 

A cow  in  constant  heat  that  fails  to  conceive  should  be  looked  upon 
as  suspicious,  and  especially  so  if  there  are  other  signs  of  the  disease 
present,  such  as  a cough,  tympanitis,  or  enlarged  lymphatic  glands. 

Chronic  mammitis  or  garget,  which  comes  on  sometimes  after  calv- 
ing, and  which  does  not  proceed  from  change  of  feed,  overstimulating 
food,  or  injury,  and  which  does  not  respond  to  the  usual  treatment, 
may  be  considered  an  important  symptom  of  the  presence  of  tubercles 
in  the  udder. 

An  animal  in  the  herd  that  becomes  lame  and  has  a hot,  tense, 
painful  swelling  of  any  of  the  joints  of  the  legs,  not  produced  by  an 
injury  or  any  known  cause,  may  be  suspected  of  being  tuberculous. 

Any  of  these  individual  symptoms  may  proceed  from  other  cause 
than  tuberculosis,  but  if  there  is  a history  of  the  disease  in  the  herd 
as  shown  by  post-mortem  examination,  and  if  any  of  them  appear  in 
an  animal  independent  of  any  known  cause,  it  should  be  separated  at 
once  from  the  healthy  ones  and  kept  isolated  until  kuown  to  be  healthy. 

Treatment. 

Tuberculosis  in  cattle  is  an  incurable  disease,  and  treatment  should 
not  be  attempted.  In  the  early  stages  an  animal  slightly  affected 
may,  by  being  kept  under  the  best  of  sanitary  conditions  and  properly 
fed,  apparently  make  a good  recovery  ; but  in  such  the  disease  is  only 
in  a dormant  state,  and  will  break  out  and  spread  rapidly  throughout 
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the  whole  body  when  the  condition  of  the  system  becomes  so  changed 
that  it  will  tend  to  promote  the  growth  and  multiplication  of  the  germs. 
In  dealing  with  this  disease,  we  should  always  remember  that  a tuber- 
culous animal  is  a source  of  danger,  as  a centre  of  infection  to  other 
animals  and  to  persons  coming  in  contact  with  it,  or  to  those  using  the 
milk  or  meat. 

About  a year  ago  a great  sensation  was  created  by  the  startling 
news  that  Dr.  Koch  had  found  a certain  cure  for  consumption.  His 
idea  was  to  separate  from  the  material  upon  which  pure  cultures  of 
tubercle  bacilli  had  grown  certain  substances  produced  by  the  growth 
of  the  germ,  mix  them  with  glycerine  or  other  suitable  material,  and 
then  inject  it  into  the  circulation  of  a tuberculous  subject.  He 
claimed  that  this  peculiar  agent  would  so  affect  the  diseased  tissue 
that  it  would  be  separated  and  removed  from  the  healthy  tissue,  and 
a cure  of  the  disease  would  follow.  While  it  has  doubtless  in  some 
cases  of  human  tuberculosis  produced  favorable  results^  it  has  by  no 
means  proved  as  valuable  as  was  first  expected.  In  cattle  it  has  no 
value  as  a curative  agent.  In  fact,  its  use  seems  to  induce  a speedy 
development  of  the  disease  when  latent  in  the  system.  It  has  in  some 
instances  proved  of  value  as  a means  of  diagnosing  the  disease  in 
suspicious  cases.  But  here  the  results  are  not  always  reliable. 

Some  interesting  experiments  have  been  made  in  the  veterinary 
department  of  the  University  of  Pennsylvania  with  tuberculin  (the 
name  applied  to  Koch’s  remedy),  to  test  it  as  an  agent  for  the  diag- 
nosis of  tuberculosis  in  cattle.  As  a result  of  these  experiments  the 
following  conclusions  are  given  : 

First , That  the  injection  of  tuberculin  in  cows  suffering  with  tubercu- 
losis produces  a febrile  reaction 

Second , That  healthy  cows  do  not  give  a reaction  with  moderate  doses. 

Third , That  in  some  instances,  tuberculous  cattle  fail  to  give  a reaction 
with  ordinary  doses  of  from  300  to  500  milligrammes. 

Fourth , That  injection  of  the  tuberculin  causes  the  rapid  distribution  of 
the  tubercle  bacilli  and  a generalization  of  the  disease. 

Fifth , That  in  none  of  the  tuberculous  animals  used  in  the  experiments 
could  the  least  curative  effect  be  observed. 

Sixth,  That  cows  cease  to  react  after  repeated  injections  of  the 
tuberculin. 

Seventh , That  tuberculin  is  of  value  in  the  diagnosis  of  tuberculosis  in 
cattle. 

Other  investigators  have  not  obtained  as  good  results  as  those 
quoted,  and,  until  more  work  has  been  done  in  this  direction,  it  is 
not  likely  that  tuberculin  will  come  into  general  use  as  a curative  or  a 
diagnostic  agent. 
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Post-Mortem  Appearances. 

To  the  naked  eye  these  vary  according  to  the  species  of  animal 
and  the  extent  and  location  of  the  disease,  but  under  the  microscope 
the  diseased  tissues  have  the  same  appearance  regardless  of  their 
origin.  I shall  only  describe  their  microscopic  appearance. 

The  appearance  of  the  tubercles  in  the  lungs  vary  according  to  the 
changes  that  have  taken  place  in  them.  When  of  recent  formation 
they  may  be  no  larger  than  a millet  seed.  In  this  stage  they  appear 
irregularly  spheroidal  in  shape,  the  very  small  ones  gray  and  semi- 
transparent, while  the  larger  ones  are  opaque,  whitish  or  yellow, 
particularly  in  the  centre.  As  they  grow  larger  they  undergo  a cheesy 
degeneration,  break  down  in  the  centre,  and  we  frequently  find  them 
containing  creamy  yellow  pus.  In  cattle  especially  they  tend  to 
become  calcareous  from  the  deposition  of  lime  in  them.  In  this  case 
when  cut  open*one  will  notice  a distinct  gritty  feel  about  them.  The 
smaller  ones  coalesce  and  form  large  tuberculous  tumor-like  masses, 
which  in  some  cases  may  be  six  or  eight  inches  in  diameter.  Usually 
in  the  centres  of  these  masses  pus  in  very  abundant.  When  these 
tubercles  break  down  the  pus  frequently  escapes  into  the  bronchial 
tubes,  so  that  in  post-mortem  examination  we  may  find  it  in  the 
bronchial  tubes  mixed  with  the  mucous. 

When  the  tubercles  form  on  the  surface  of  the  lung  or  the  pleura 
covering  the  ribs,  the  new  tubercles  appear  at  first  as  small  red  spots. 
These  increase  in  size  so  that  in  some  cases  they  become  as  large  as  a 
hen’s  egg,  and  so  numerous  that  the  whole  surface  of  the  lung  or  the 
wall  of  the  chest  will  be  completely  covered.  These  are  less  likely 
to  contain  pus  than  those  in  the  lungs.  In  some  instances,  the  lungs 
are  found  to  be  attached  to  the  chest  wall  by  these  new  growths. 

Tuberculous  bronchial  glands  are  frequently  found,  and  are  usually 
present  when  the  lungs  are  diseased.  They  are  situated  over  the 
lungs  at  the  superior  part  of  the  thoracic  cavity,  extending  along  the 
vertebral  column.  They  may  be  greatly  enlarged  and  weigh  as  much 
as  fifteen  or  twenty  pounds,  and  are  hard,  nodular  and  full  of  yellow, 
cheesy  matter.  In  other  cases  they  may  be  enlarged,  but,  upon 
opening  them,  little  caseous  material  is  found.  Instead  there  will 
be  large  quantities  of  yellow  pus,  amounting  sometimes  to  two  or 
three  pints. 

The  tubercles  on  the  peritoneum,  the  lining  of  the  abdominal  cavity, 
closely  resemble  those  found  on  the  pleura.  Where  there  is  general 
tuberculous  peritonitis,  one  usually  finds  a profusion  of  thin,  serous 
fluid  in  the  abdominal  cavity. 

Tuberculous  nodules  in  the  spleen  are  quite  frequently  of  the  mili- 
ary variety,  very  small  and  grayish  white  in  color.  If  a one  percent. 
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watery  solution  of  iodine  and  iodide  of  potassium  (one  part  of 
iodine,  three  parts  of  iodide  of  potassium,  one  hundred  parts  of 
water)  be  poured  over  them,  they  are  more  easily  distinguished  from 
the  surrounding  tissue  by  their  bright  mahogany  color. 

Tuberculous  mesenteric  glands  do  not  differ  greatly  in  their  appear- 
ance from  tuberculous  lymphatic  glands. 

Tubercles  in  the  liver,  kidneys  and  other  organs  closely  resemble 
those  already  described. 

Tuberculosis  in  the  horse  seems  to  occupy  a place  between  that  of 
man  and  the  bovines.  The  tubercles  that  are  found,  post-mortem , on 
the  omentum  and  peritoneum  and  mesenteric  glands  resemble  those 
found  in  cattle.  The  conditions  of  the  bronchial  gland  is  similar, 
while  in  the  lungs,  instead  of  finding  large  tumor-like  masses,  the 
tubercles  are  usually  of  the  miliary  variety. 

The  nodules  of  tuberculosis  somewhat  resemble  the  nodules  found 
in  the  lungs  of  horses  affected  with  chronic  glanders. 

Tuberculosis  of  the  pig  is  recognized  after  death  by  the  caseous  con- 
dition of  the  lymph  glands  of  the  neck,  and  by  a peculiar  form  of 
caseous  pneumonia,  in  which  the  lung  becomes  infiltrated  with  grayish- 
red  or  grayish-yellow  cheesy  material,  which  completely  fills  the  air 
cells  and  the  space  between  the  lobules. 

In  sheep  the  lungs  and  bronchial  glands  are  affected  most  and  the 
appearance  is  nearly  the  same  as  in  cattle. 

In  making  autopsies  on  sheep,  one  is  liable  to  confound  tuberculosis 
with  two  other  diseases,  one  affecting  the  lungs  and  the  other  the  intes- 
tines, from  the  fact  that  the  lesions,  to  the  naked  eye  of  the  inexperi- 
enced, appear  identical.  The  first  is  caused  by  an  animal  parasite, 
the  Strongylus  ovis  pulmonalis , the  second  likewise  by  a parasite,  the 
Oesophagostoma  columbianum , both  of  which  require  the  use  of  a lense 
to  detect.  A description  of  these  parasites  may  be  found  in  the 
“ Animal  Parasite  of  Sheep,”  Bureau  of  Animal  Industry,  1890. 

In  fowls  we  find  that  tuberculosis  is  more  likely  to  affect  the  abdomi- 
nal rather  than  the  thoracic  organs,  but  none  are  exempt.  The  mesen- 
teric glands,  the  liver  and  the  genital  organs  suffer  most.  In  these 
animals  the  lesions  are  peculiar,  in  that  they  soon  become  caseous  and 
calcareous,  and  it  not  infrequently  happens  that  these  *limy  nodules 
reach  the  size  of  a walnut.  Some  are  rough  and  irregular,  others  are 
round  and  smooth.  They  are  quite  compact,  and  upon  examining  a 
section  it  shows  yellowish  or  whitish  spots  in  the  centre. 


Prevention  and  Suppression  of  Tuberculosis  in  Cattle. 

As  the  disease  is  incurable  we  should  deal  with  it  with  prophy- 
lactic measures. 
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Keep  the  animals  under  good  hygienic  conditions,  secure  good 
drainage  about  the  stable,  allow  plenty  of  fresh  air  and  sunshine,  feed 
wholesome  food  and  a variety  that  is  nutritious  but  not  over  stimu- 
lating, supply  clean,  pure  water  for  drinking.  Avoid  producing 
debility  by  over-milking  or  by  in-and-in  breeding  or  early  and  late 
breeding.  Reject  all  animals  with  an  hereditary  taint  of  tuberculosis 
for  breeding  purposes.  Be  careful  in  selecting  animals  for  the  herd, 
— do  not  purchase  one  in  poor  condition  simply  because  the  price  is 
low.  It  may  prove  to  be  a very  expensive  one  in  the  end. 

Do  not  buy  animals  from  a herd  when  you  know  that  the  disease 
has  ever  existed, — it  may  be  present  in  a dormant  state  in  an 
animal  that  is  fit  for  the  butcher  and  only  requires  certain  conditions 
for  speedy  growth.  Remove  from  other  animals  any  that  you  think 
are  suspicious,  and  keep  isolated  until  pathognomonic  symptoms 
develop.  Such  animals  should  in  no  case  be  allowed  to  come  in  con- 
tact with  others  of  the  herd  by  being  turned  into  the  yard  or  pasture 
with  them.  They  should  not  be  allowed  to  drink  from  the  same 
trough  or  pail. 

When  one  of  the  herd  shows  unmistakable  symptoms  of  the  disease, 
it  should  be  slaughtered  and  the  carcass  buried  or  burned.  Never 
let  other  animals,  like  pigs,  hens  or  dogs,  on  the  farm,  eat  the  offal  or 
flesh  of  a tuberculous  creature.  Anything  like  the  manger  or  litter, 
about  a diseased  animal,  that  may  have  become  contaminated  with 
the  virus  should  be  burnt  or  thoroughly  disinfected. 

If  young  animals  are  raised  upon  a farm  where  tuberculosis  exists 
among  the  cattle,  they  should  be  kept  in  a separate  building  away 
from  the  older  ones,  and  not  be  allowed  to  come  in  contact  with  any 
of  the  excrements  or  litter  used  about  them.  A case  is  on  record 
where  a number  of  pigs  contracted  consumption  by  eating  corn  that 
had  passed  undigested  through  the  alimentary  tract  of  affected  cattle. 

JNIilk  from  a tuberculous  herd,  which  is  to  be  used  as  food  for 
young,  growing  animals,  especially  calves,  should  be  sterilized  by 
being  heated  to  a temperature  of  185°  F.  This  can  be  done  without 
injury  to  the  milk  by  subjecting  it  to  the  action  of  steam  in  a closed 
vessel.  In  some  animals  milk  so  treated  may  produce  indigestion 
and  constipation,  but  by  careful  and  judicious  feeding  these  may  be 
prevented. 

The  liberal  and  repeated  use  of  antiseptics  and  disinfectants  about 
an  infected  building  will  destroy  many  of  the  germs,  and  assist  in 
checking  the  spread  of  the  disease  in  the  herd.  The  floors  and 
mangers  may  be  sprinkled  once  in  a week  or  two  with  a five  per  cent, 
solution  of  crude  carbolic  acid.  Chloride  of  lime  scattered  over  the 
floor  would  have  a beneficial  effect.  The  walls  should  be  thoroughly 
whitewashed,  and  some  advise  adding  to  the  whitewash  a weak  solu- 
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tion  of  corrosive  sublimate.  As  this  drug  is  a deadly  poison,  it 
should  be  used  with  great  care.  By  fumigating  with  sulphur  or  chlo- 
rine, germs  that  would  not  be  affected  by  the  other  applications  would 
be  destroyed. 

Never  allow  a person  suffering  with  consumption  to  work  in  a stable 
where  cattle  are  kept,  for,  by  expectorating  material  which  contains 
bacilli  upon  the  floor  or  upon  the  hay,  the  animals  may  become 
infected. 

When  we  stop  and  think  that  this  terrible  disease  exists  among  all 
civilized  people,  and  more  or  less  among  cattle  and  other  domestic 
animals  it  does  not  seem  probable  that  it  can  ever  be  exterminated. 
But  much  can  be  done  by  laws  properly  enacted  and  rigidly  enforced 
to  prevent  the  rapid  distribution  of  it  among  the  cattle  in  the  State. 

Being  a disease  that  is  common  to  the  human  race  as  well  as 
domestic  animals,  and  one  widely  distributed,  it  cannot  be  dealt  with 
as  can  contagious  pleuro-pneumonia.  Such  a procedure  would 
require  an  expenditure  of  millions  of  dollars  and  in  the  end  would 
amount  to  nothing,  for  it  would  be  impossible  to  refill  the  stables  of 
the  farmers  with  cattle  from  a source  where  the  disease  does  not 
already  exist.  Again,  if  all  the  diseased  animals  were  to  be  slaugh- 
tered and  their  places  filled  with  those  free  from  the  malady,  they 
would  not  remain  so  long  for  they  would  soon  become  infected  from 
coming  in  contact  with  tuberculous  persons. 

A law,  properly  enforced,  that  would  compel  an  owner  to  slaughter, 
rather  than  to  allow  him  to  sell,  an  animal  which  he  had  good  and 
sufficient  reason  to  know  was  tuberculous,  would  greatly  lessen  the 
dissemination  of  the  disease. 

I have  personal  knowledge  of  several  instances,  where  it  has  been 
proved  to  men  that  their  herds  were  badly  infected ; but  instead  of 
destroying  the  affected  ones  they  have  disposed  of  them  for  a small 
sum  and  the  disease  has  been  carried  into  previously  healthy  herds. 

If  it  is  the  work  of  the  Cattle  Commission  to  look  after  the  con- 
tagious diseases  among  the  domestic  animals  of  the  Commonwealth, 
they  should  be  given  the  authority  to  go  ahead  and  isolate  suspicious 
cases,  and  destroy  those  that  they  know  are  affected  ; and  every 
farmer  that  has  any  true  interest  in  his  calling  should  be  willing  to 
assist  in  the  good  work  which,  in  the  end,  will  be  of  great  benefit  to 
every  inhabitant  in  the  Commonwealth. 

Again  when  we  look  at  the  subject  from  a sanitary  point  of  view, 
every  person  in  the  State  has  an  interest  and  has  a right  to  demand 
protection  at  the  public  expense  from  this  deadly  foe. 

If  the  State  takes  upon  herself  the  task  of  protecting  the  public 
from  the  sale  of  adulterated  articles  of  food,  which  are  of  pecuniary 
interest,  ought  she  not  to  protect  the  people  from  the  wilful  sale  of 
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milk  and  meat  from  diseased  animals,  that  may  convey  a fatal 
disease  to  the  unsuspecting  ones  using  it? 

It  would  seem  that  this  could  be  accomplished  best  by  two  means. 

First , Organize  a system  of  meat  inspection,  have  all-  cattle  in  the 
State  used  for  human  food  slaughtered  under  competent  inspection. 
To  do  tliis  economically,  centralization  of  the  slaughtering  is  abso- 
lutely necessary.  This  would  not  only  protect  the  public  against 
tuberculous  meat,  but  also  against  that  containing  trichina,  tape 
worm,  actinomycosis,  etc.  Let  all  meat  be  condemned,  whether 
' there  be  local  or  general  infections. 

Second , To  prevent  the  sale  of  tuberculous  milk,  let  all  dairies  be 
visited  periodically,  and  all  animals  carefully  inspected.  Any  that 
are  actually  diseased  should  be  destroyed,  and  the  suspicious  should 
be  isolated  until  known  to  be  diseased  or  healthy.  From  the  fact 
that  the  public  is  so  dependent  on  domestic  animals  for  a part  of  its 
food  supply,  it  is  no  more  than  right  that  the  government  should  make 
some  move  in  this  matter  of  protecting  the  people  against  a disease 
that  may  be  transmitted  to  them  by  the  consumption  of  meat  and 
milk  of  diseased  animals. 

Note.  — Persons  in  the  State  who  may  have  at  anytime  pathological 
specimens  or  parasites  which  they  may  want  examined,  free  of  charge,  may 
send  the  same  addressed  to  Dr.  James  B.  Paige,  Amherst,  Mass.,  and  a 
report  upon  the  nature  of  the  specimen  will  be  sent  if  so  desired  ; a detailed 
account  of  the  case  should  accompany  the  specimen. 

In  order  that  material  sent  may  be  in  a condition  to  study  when  it  arrives, 
observe  the  following  directions : 

Fluids  suspected  of  containing  tubercle  bacilli,  or  other  germs,  should  be 
sent  closely  corked  in  a clean  bottle.  Only  a small  quantity  of  matter,  one- 
half  to  four  teaspoonfuls  is  needed. 

Parasites  or  diseased  tissues  should  be  well  washed,  put  in  clean,  large- 
mouthed bottles  or  jars,  then  covered  with  a mixture  of  alcohol  one-third, 
and  water,  two-thirds. 

Specimens  of  diseased  bones  or  other  hard  structures  may  be  sent  with, 
out  any  previous  treatment. 

In  all  cases  when  there  is  a large  quantity  of  material,  all  of  which  can- 
not be  sent,  select  an  average  sample. 

When  a specimen  is  of  sufficient  interest,  it  will  be  preserved  in  the 
museum  with  the  name  of  the  donor  affixed. 
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Massachusetts  Agricultural  College, 
Amherst,  Jan.  11,  1893. 

To  the  Honorable  Senate  and  House  of  Representatives. 

I have  the  honor  to  transmit  herewith  to  your  honorable 
body  the  Thirtieth  Annual  Report  of  the  Trustees  of  the 
Massachusetts  Agricultural  College. 

I am,  very  respectfully, 

Your  obedient  servant, 

HENRY  H.  GOODELL, 

President. 


ANNUAL  REPORT  OF  THE  TRUSTEES 

OF  THE 

MASSACHUSETTS  AGRICULTURAL  COLLEGE. 


To  the  Honorable  Senate  and  House  of  Representatives. 

The  past  year  has  been  one  of  marked  progress.  Not  only 
has  the  attendance  been  the  largest  in  the  history  of  the  col- 
lege, but  it  has  been  distributed  over  a greater  area  of  the 
State,  and  a larger  number  of  towns  have  been  represented. 
Tabulating  the  results,  we  find  that,  of  the  one  hundred  and 
ninety  students  present  during  the  year,  sixteen  were 
from  without  the  State,  and  the  remaining  one  hundred  and 
seventy-four  represented  one  hundred  and  ten  towns.  The 
growth  of  the  college  during  the  past  six  years  has  been 
steady  and  healthy,  showing  its  gain  in  the  popular  estima- 
tion. From  entering  classes  of  thirty-three  and  thirty-five, 
it  has  advanced  to  sixty-two  in  1891  and  forty-six  in  1892. 
The  large  falling  off  this  year  resulted  from  the  insufficient 
preparation  of  the  candidates,  more  than  one-third  having 
been  rejected  on  account  of  failure  to  meet  the  requirements 
for  entrance.  The  most  noticeable  gain,  however,  has  been 
in  the  numbers  of  the  graduating  classes.  The  gain  has  been 
nearly  one  hundred  per  cent.  It  is  surely  a significant  fact 
that  the  proportion  of  men  now  completing  the  course  is 
much  larger  than  in  the  earlier  days  of  the  college.  Of  the 
six  hundred  and  forty-three  who  had  entered  and  left  the 
institution  prior  to  1886,  thirty-seven  per  cent  had  gradu- 
ated ; while  since  that  date  two  hundred  and  thirty-six  have 
entered  and  fifty-two  per  cent  of  that  number  have  been 
graduated.  This  is  due  partly  to  the  liberal  policy  of  the 
State  in  increasing  its  equipment  and  providing  additional 
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facilities  for  instruction,  and  partly  to  the  better  knowledge 
of  the  college  and  its  aims  and  purposes.  One  young 
woman,  braving  the  discomforts  of  being  the  only  one  of  her 
sex  in  college,  joined  the  freshman  class  and  did  most  excel- 
lent work,  but  lack  of  funds  compelled  her  withdrawal  before 
the  close  of  the  first  term.  There  is  no  reason  why  the  young 
women  of  the  Commonwealth  should  not  avail  themselves  of 
the  opportunities  offered  here.  The  doors  are  open,  and 
they  will  be  welcomed  both  by  teacher  and  student. 

The  history  of  any  institution  is  written  in  the  lives  of  its 
alumni ; and  here  we  have  a record  of  which  the  State  may 
be  justly  proud.*  Since  the  college  opened  its  doors  to 
students  in  the  fall  of  1867  it  has  received  within  its  walls 
(not  including  students  now  pursuing  the  course)  eight  hun- 
dred and  seventy-nine  men.  Of  this  number,  three  hundred 
and  sixty-one  have  completed  the  prescribed  course  of  study 
and  received  the  degree  of  Bachelor  of  Science.  Three  hun- 
dred and  forty-eight  are  living.  Complete  statistics  of  three 
hundred  and  thirteen  of  these  men,  the  graduates  of  the  last 
class  not  included,  are  at  hand  ; and  examination  reveals  the 
following  facts : Considerably  more  than  one-half  of  the 
entire  number  are  either  farmers  or  engaged  in  closely  allied 
pursuits.  There  are  ninety-two  farmers,  and  the  remainder 
are  distributed  as  follows  : agricultural  editors,  four ; fer- 
tilizer business,  seven ; teachers  in  agricultural  institutions, 
twenty-one  ; experiment  station  directors,  three  ; veterinary 
doctors,  eight ; professors  of  veterinary  science,  two  ; assist- 
ants in  experiment  stations,  twenty-two  ; assistants  in  the 
Board  of  Agriculture,  two ; Gypsy  Moth  Commission,  two. 
I desire  particularly  to  call  attention  to  the  prominent  posi- 
tions occupied  by  our  graduates  in  agricultural  colleges  and 
experiment  stations  throughout  the  country.  No  other 
agricultural  college  has  furnished  so  many  men  for  such  posi- 
tions. One-seventh  of  all  our  graduates  are  employed  in 
agricultural  colleges  and  experiment  stations.  They  are 
scattered  all  over  the  country,  and  among  them  we  find  three 
college  presidents,  eight  professors  of  agriculture,  five  pro- 
fessors of  horticulture  and  botany,  three  directors  of  experi- 
ment stations  and  several  vice-directors.  This  indeed  is  a 


* From  statistics  compiled  by  Prof.  William  P.  Brooks. 
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record  to  be  proud  of  for  an  institution  that  graduated  its 
first  class  barely  twenty-one  years  ago. 

Among  those  not  connected  with  agricultural  pursuits  we 
find  nine  lawyers,  eighteen  engineers  and  eleven  teachers. 
Medicine  claims  no  less  than  eighteen  men,  and  there  are 
two  dentists  and  five  clergymen.  Our  graduates  touch 
agriculture,  however,  at  other  points.  Wherever  they  are 
found  they  are  usually  prominent  in  every  movement  which 
tends  to  uplift  the  agricultural  classes.  Thus  we  find  among 
them  numerous  presidents  and  secretaries  of  our  agricultural 
societies  and  members  of  the  State  Board  of  Agriculture. 
Two  have  been  masters  of  the  State  grange  and  two 
lecturers,  and  they  are  everywhere  at  the  head  of  local 
granges,  farmers’  clubs  and  agricultural  organizations. 

The  increasing  attendance  has  resulted  in  overcrowding 
the  buildings.  Every  room  in  the  dormitories  has  been 
occupied  by  two  or  more  persons,  while  a number  have  been 
compelled  to  seek  lodgings  elsewhere.  It  becomes  a serious 
question  for  the  State  to  consider  whether  or  not  it  will 
increase  its  dormitory  accommodations.  If  succeeding 
classes  prove  as  large  as  those  of  the  past  years,  it  will  be 
impossible  to  provide  quarters  of  any  description  for  them. 
The  recitation  rooms,  furthermore,  are  entirely  inadequate 
either  in  number  or  size.  The  same  room  has  to  be  used  in 
turn  by  several  professors.  This  is  a serious  inconvenience 
when  apparatus  has  to  be  brought  in  and  removed,  or  when 
preparation  beforehand  is  required  for  lecture.  The  teachers 
of  physics  and  chemistry,  for  example,  do  not  want  their 
desks  strewn  with  the  bones  and  separable  joints  of  the 
veterinary  department,  when  the  whole  available  space  is 
required  for  the  adjustment  of  apparatus  used  in  illustrating 
the  principles  of  electricity  or  gases.  Furthermore,  in  a 
room  overcrowded  with  students  it  is  impossible  to  secure 
proper  ventilation,  or  preserve  the  same  good  order  and 
discipline  as  in  one  with  fewer  occupants.  I submit  that  a 
room  18.10  feet  by  32,  and  12.9  high,  containing  7,684 
cubic  feet,  is  not  a proper  place  in  which  to  confine  a class 
of  thirty  or  forty  young  men  for  an  hour,  especially  when 
during  the  hour  previous  it  has  been  occupied  by  a class  of 
like  size. 
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The  chemical  department  has  quite  outgrown  its  quarters, 
and  demands  additional  space.  The  time  is  not  far  distant 
wThen  a building  will  be  required  for  it  alone,  containing 
laboratories  for  practical  work  and  lecture  rooms  where  the 
theory  can  be  taught.  As  a temporary  expedient,  it  has 
been  suggested  to  hold  all  religious  exercises  in  the  new 
stone  chapel,  and  fit  up  the  room  now  used  for  daily  morning 
prayer  as  a laboratory  for  advanced  workers.  This,  however, 
can  be  only  a temporary  arrangement,  for  the  reasons  con- 
tained in  the  paper  herewith  submitted,  from  the  professor 
in  charge  : — 

For  beginners  in  the  subjects  here  studied,  there  are  the  same 
provisions  which  have  hitherto  been  offered.  But  these  students, 
and  in  a greater  degree  the  advanced  students,  are  seriously  im- 
peded in  their  practical  work  by  lack  of  room,  and  annoyances 
arising  from  the  present  deteriorated  condition  of  the  laboratory 
building.  Advanced  students  are  constantly  increasing  in  number, 
but  there  is  a great  lack  of  suitable  accommodations.  They  should 
be  offered  the  best  possible  facilities  for  study,  or  they  will  go 
elsewhere  to  institutions  where  such  are  offered.  At  present,  for 
lack  of  space,  the  advanced  workers  must  take  their  chances  in  the 
same  room  with  the  beginners,  where  they  are  crowded  and  con- 
stantly liable  to  disturbance.  A separate  room  should  be  provided, 
in  which  their  operations  would  be  safe  from  encroachment.  The 
need  of  a more  substantial  building  for  this  department  becomes 
more  and  more  apparent.  The  constant  jarring  and  shaking  of 
the  building  prevents  the  permanent  setting  up  of  balances  and 
other  apparatus.  Whenever  classes  pass  up  and  down  stairs,  or 
the  bell  is  rung,  every  instrument  and  piece  of  apparatus  is 
disturbed.  Crevices  about  the  windows  and  in  the  walls  are 
continually  increasing,  in  spite  of  constant  repairs.  Wind  and 
dust  penetrate  from  all  sides,  so  that  it  is  impossible  to  preserve 
apparatus  in  a cleanly  condition.  As  a temporary  arrangement, 
I would  suggest  the  use  of  the  present  chapel  room  as  a laboratory. 
One  thousand  dollars  would  be  required  to  adequately  equip  it,  and 
then  it  would  serve  until  an  appropriate  laboratory  building  could 
be  provided.  Charles  Wellington, 

Associate  Professor  of  Chemistry. 

The  Agricultural  Department. 

This  department  has  for  many  years  been  hampered  by 
the  condition  of  its  barn  and  outhouses.  W7hile  the  work  of 
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improvement  has  gone  steadily  on  in  every  other  direction, 
this  alone  has  remained  almost  stationary.  Patched  up  and 
altered  from  time  to  time,  it  still  remains  what  it  was  origi- 
nally,— inconvenient  in  its  arrangements  and  inadequate  in 
its  provisions  for  maintaining  the  health  of  the  animals 
housed  within  it.  The  college  barn  should  be  an  object 
lesson  to  every  farmer  visiting  the  grounds  ; it  should  be  a 
means  of  instruction  to  every  student.  Unfortunately,  its 
only  use  as  an  object  lesson  can  be  to  hold  it  up  as  a signal 
illustration  of  what  ought  not  to  be  done.  Defective  in  its 
sanitary  arrangements,  unfortunate  in  its  location  and  old- 
fashioned  in  its  construction,  it  is  in  every  way  unfit  to  be  a 
representative  structure  on  the  grounds  of  the  agricultural 
college  of  the  State.  The  urgent  reasons  for  its  being 
replaced  at  as  early  a date  as  possible  are  ably  set  forth  in 
the  special  report  of  the  professor  in  charge,  herewith 
appended : — 

Amherst,  Jan.  3,  1893. 

Pres.  H.  H.  Goodell. 

Dear  Sir  : — I deem  it  my  duty  to  call  your  attention  to  the  fact 
that  a new  barn  in  a new  location  is  urgently  needed  in  the  depart- 
ment of  which  I have  the  honor  to  be  in  charge.  I will  state  the 
reasons  as  they  appear  to  me  as  briefly  as  I can. 

First.  The  location  Of  the  present  barn  is  most  inconvenient, 
from  a farmer’s  stand-point.  A fundamental  principle  in  the 
location  of  farm  buildings  is  that  they  should  be  centrally  located 
with  reference  to  the  fields  to  and  from  which  there  must  be  most 
cartage  of  materials. 

When  the  whole  college  estate  was  tributary  to  this  barn,  its 
location  was  not  a bad  one  ; but  now  that  a large  portion  has  been 
set  aside  for  the  use  of  the  State  Experiment  Station  and  the 
horticultural  department,  and  the  growth  of  the  institution  has 
necessitated  the  use  of  a further  large  slice  of  the  estate  for 
buildings  and  landscape  purposes,  the  barn  is  left,  if  I may  so 
express  myself,  stranded  in  one  corner  of  the  farm  proper,  upon 
its  very  highest  point,  and  within  a few  hundred  feet  of  its  southern 
boundary.  The  improvement  of  that  section  of  the  farm,  but  a 
few  years  ago  an  old  stump  and  brush  pasture,  has  given  us  seventy 
acres  of  highly  productive  land,  all  much  lower  than  the  barn  and 
at  an  average  distance  of  something  like  a half  mile  ; while  a part 
of  it  is  almost  one  mile,  as  we  must  travel  by  our  roads,  from  the 
barn.  The  effect  upon  the  expense  of  doing  our  farm  work  may 
readily  be  imagined. 
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Second.  The  growth  of  the  college  has  made  new  buildings 
necessary  in  the  very  near  future  ; and  the  place  where  the  farm 
buildings  stand  will  be  needed  for  one  of  them,  or,  even  if  no 
building  is  placed  upon  the  actual  spot  where  the  barn  stands,  its 
close  proximity  to  dormitory  or  lecture  rooms  would  be  exceedingly 
undesirable. 

Third.  The  construction  of  the  present  barn  is  such  that  the 
performance  of  the  necessary  work  in  the  care  of  our  large  stock 
is  very  inconvenient ; and,  worse  than  this,  it  is  not  possible  to 
insure  even  measurably  perfect  sanitary  conditions.  The  arrange- 
ment with  cellar  beneath,  and  a large,  broad,  low-ceilinged  stable 
above,  makes  pure  air  in  that  stable  a practical  impossibility. 
The  college  should  have  a barn  which  can  be  looked  upon  by  the 
farmers  of  the  State  as  a model.  Ours  is  wholly  behind  the  times, 
and  a model  only  of  inconvenience  and  rather  of  what  a barn  should 
not  be  than  of  anything  for  others  to  imitate. 

Fourth.  If  we  are  to  continue  to  use  the  present  buildings, 
additions  to  satisfy  our  growing  requirements,  and  numerous  and 
expensive  repairs,  will  be  needed  at  once.  In  view  of  the  fact 
that  the  location  is  inconvenient,  and  that  the  growth  of  the  insti- 
tution will  soon  make  the  removal  of  these  farm  buildings  an 
absolute  necessity,  it  would  appear  to  be  folly  to  continue  the 
expenditure  of  money  in  this  place. 

Fifth.  The  candid  consideration  of  those  points  thus  far  made 
must,  it  appears  to  me,  lead  to  the  conclusion  that  it  is  best  to 
build  a new  barn  now  ; but  the  most  important  point  remains  to  be 
noticed.  In  spite  of  our  utmost  attempts  to  disinfect  our  barn,  it 
appears  to  be  thoroughly  infected  with  the  germs  of  tuberculosis. 
The  first  case  of  this  disease  in  our  barn  occurred  before  1880, 
and  from  that  time  to  the  present,  losses  of  valuable  animals  have 
occasionally  happened.  When  I assumed  responsibility  for  the 
management  of  the  college  farm,  in  1889,  I found  two  animals  in 
the  barn  affected  with  tuberculosis.  These  were  slaughtered,  and 
matters  were  allowed  to  run  until  the  winter  of  1890,  and  there 
was  little  indication  of  the  presence  of  the  disease. 

Becoming  somewhat  alarmed,  in  view  of  the  statements  of 
certain  veterinarians  as  to  the  condition  of  our  herd  at  this  time, 
Dr.  James  B.  Law  was  called  in.  He  made  a thorough  examina- 
tion of  every  animal  in  the  barn,  and  sent  in  a report  which,  as  you 
are  aware,  was  quite  reassuring  in  its  character.  Two  animals 
slaughtered  by  his  advice  were  found  diseased  at  this  time  ; but, 
acting  upon  his  suggestions  as  to  disinfection,  ventilation,  etc., 
no  further  trouble  was  experienced  until  the  winter  of  1890-91, 
during  which  we  slaughtered  nine  animals  in  the  early  stages  of 
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this  disease.  Since  that  winter  we  have  had  occasional  cases,  but 
in  no  single  season  as  many.  Still,  it  appears  to  be  impossible  to 
eradicate  the  disease  in  our  present  stable.  That  it  is  greatly 
aggravated  by  the  breathing  of  impure  air  cannot  be  doubted. 
The  disease  makes  no  progress  as  a rule  in  summer,  when  our 
animals  have  pure  air.  It  is  impossible  to  give  them  such  air  in 
our  stable  as  at  present  arranged  with  the  cellar  for  manure  below. 
It  is  imperative  that  we  have  a barn  constructed  in  such  a manner 
as  to  secure  better  hygienic  conditions.  With  such  conditions  we 
may  yet  have  occasional  cases  of  tuberculosis  for  a time,  for  the 
disease  is  everywhere  among  New  England  cattle,  and  it  is  most 
insidious  in  its  approaches  ; but,  having  perfect  sanitary  conditions, 
I should  confidently  anticipate  controlling  it,  — keeping  it  within 
very  narrow  limits  from  the  first,  and  perhaps  ultimately  eradicating 
it  from  our  herd. 

Massachusetts,  with  her  proud  record  in  dealing  with  the  various 
contagious  diseases  of  domestic  animals  which  have  at  various 
times  gained  a foothold  within  her  borders,  certainly  owes  it  to 
herself  and  to  her  citizens  to  make  the  attempt  here  at  her  Agri- 
cultural College  to  control  or  stamp  out  this  disease,  — the  most 
dangerous  of  all  to  the  human  family.  Her  legislators  should  not 
rest  a day  with  the  stigma  which  will  lie  upon  our  dear  old  State 
should  this  duty  be  longer  neglected.  We  have  tried  long  and 
faithfully  to  cope  with  this  disease  in  our  present  quarters,  and 
are  most  fully  convinced  that  the  struggle  there  is  hopeless.  The 
exigencies  of  the  case  demand  something  better,  something  which 
will  provide  ampler  air  space,  better  ventilation  and  improved 
facilities  for  cleanliness  and  the  convenient  use  of  germicides. 

Very  respectfully  yours, 

(Signed)  Wm.  P.  Brooks, 

Professor  of  Agriculture. 

To  carry  out  this  plan,  building  a new  barn  worthy  of 
the  State  and  the  college,  moving  and  refitting  the  farm- 
house and  providing  a new  ice  house  and  dairy,  a consider- 
able outlay  will  be  required.  For  dairy  purposes  a much 
larger  amount  of  space  is  required  than  is  at  present  available. 
If  the  economical  disposition  of  our  dairy  product  be  our 
sole  object,  then  the  present  accommodations  are  ample ; 
but  we  should  have  a room  large  enough,  not  only  to  accom- 
modate a whole  class  of  students,  but  also  to  contain  the 
latest  forms  of  dairy  apparatus,  — separators,  butter  extract- 
ors, churns,  butter  workers,  milk  aerators,  etc.,  — in  short, 
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a complete  plant  for  practical  instruction  in  matters  pertain- 
ing to  the  dairy,  as  well  as  for  laboratory  work  in  the  study 
of  milk  and  its  products. 

In  1885  the  total  value  of  the  agricultural  products  of  the 
State  was  $47,756,033.  The  value  of  the  dairy  products  at 
the  same  period  was  $13,080,526,  and  since  then  it  has 
increased  more  rapidly  than  any  other  single  industry.  Other 
States  are  establishing  or  have  established  dairy  schools  in 
connection  with  their  agricultural  colleges.  If  we  would 
keep  abreast  of  the  times,  if  we  would  offer  our  students  the 
same  advantages  as  elsewhere,  we  must  in  like  manner  estab- 
lish schools  where  the  best  instruction  can  be  given  in  this 
growing  industry. 

The  Hoeticultueal  Depaetment. 

Great  improvements  have  been  made  in  this  department 
during  the  past  year.  The  eight  thousand  dollars  granted 
by  the  State  has  been  wisely  and  carefully  expended.  The 
whole  Durfee  plant  house  has  been  remodelled,  the  wooden 
benches  replaced  by  stone,  the  old  heating  apparatus 
exchanged  for  new,  and  extensive  additions  made  for  the 
purpose  of  raising  roses  and  vegetables.  A tool  house  con- 
taining carpenter  and  blacksmith  shop,  storerooms  and  open 
sheds,  has  been  erected,  and  a cold  grapery  nearly  com- 
pleted. The  lateness  of  the  season  was  especially  favorable 
for  building  operations,  and  no  loss  of  plants  by  frost  was 
experienced. 

The  necessity  for  large  quantities  of  ice  for  dairy  purposes, 
and  in  the  cold  storage  room  for  the  preservation  of  fruit, 
led  to  the  construction  of  a dam  across  the  little  stream  flow- 
ing through  the  college  grounds  at  a point  midway  between  . 
the  botanic  museum  and  the  north  dormitory.  Distance 
from  any  pond  of  water  and  the  trouble  and  expense  incident 
to  drawing  the  ice  has  at  various  times  caused  the  throwing  of 
temporary  barriers  across  the  brook  ; but  the  constant  under- 
mining of  the  earth  by  musk  rats,  and  the  danger  incident  to 
the  sudden  rising  of  the  water  after  protracted  rains,  led  this 
year  as  a matter  of  economy  to  the  building  of  a substantial 
stone  dam.  This  has  been  satisfactorily  completed  under  the 
supervision  of  a graduate  of  our  first  class,  Mr.  William 
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Wheeler,  and  lias  resulted  in  the  flowing  of  a considerable 
area.  Looking  at  it  simply  in  the  light  of  ornamentation,  it 
is  a great  addition  to  the  college  grounds,  and  furnishes  the 
one  thing  needful  to  make  the  landscape  perfect,  — a water 
view. 


The  Experiment  Department. 

Four  bulletins,  in  editions  of  eleven  thousand,  have  been 
published  during  the  year,  on  the  following  subjects  : — 

No.  16.  Electro-culture,  and  experiments  with  lettuce  under  the 
influence  of  dynamical  electricity. 

No.  17.  Experiments  with  fungicides  and  insecticides. 

Testing  new  varieties  of  grapes  and  peaches. 

Protection  of  peach  buds. 

Amount  of  copper  on  sprayed  fruit. 

Siberian  crab  as  a stock. 

Girdling  grape  vines. 

Report  of  spraying  apparatus. 

No.  18.  Fertilizers  for  potatoes,  oats  and  corn. 

Use  of  muriate  of  potash  with  manures  for  corn. 

“ Special  corn  fertilizer”  versus  fertilizer  rich  in  potash. 
Comparison  of  corn  and  millet  as  grain  crops. 

Proximate  composition  of  potatoes,  as  affected  by  fer- 
tilizers. 

Report  on  oats,  hemp,  flax,  English  wheats,  Japanese 
millets  and  beans. 

No.  19.  The  gypsy  moth. 

Barnard’s  insect  trap. 

Effect  of  damp  weather  on  Paris  green  in  burning  foliage. 
Kerosene  emulsion  as  an  insecticide  for  plant  lice  and 
red  spiders  on  rose  bushes. 

Formula  for  preparation  of  kerosene  emulsion. 

Amount  of  Paris  green  to  be  used  in  showering  apple 
trees. 

The  cranberry  insects. 

From  the  meteorological  division,  a monthly  report,  in  an 
edition  of  four  hundred  copies,  has  been  issued,  covering  all 
meteorological  phenomena  for  each  day.  Expensive  addi- 
tions have  been  made  to  the  apparatus,  with  a view  to  secur- 
ing more  complete  results. 

In  the  agricultural  division,  the  barn  destroyed  by  fire  in 
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1891  has  been  replaced  by  one  more  commodious  in  every 
respect,  and  better  adapted  for  purposes  of  experiment. 

The  work  of  the  different  divisions  during  the  year  is 
briefly  outlined  in  the  reports  of  the  several  officers  herewith 
submitted  : — 


The  Entomological  Division. 

Two  bulletins  have  been  issued  from  this  division  during  the 
past  year.  The  first,  No.  19,  contains  the  history  and  description 
of  the  gypsy  moth  in  all  its  stages,  illustrated  with  six  plates,  one 
of  them  in  colors,  and  one  a map  showing  the  distribution  of  the 
insect ; a description  of  Barnard’s  monitor  moth  trap,  with  an 
illustration  ; an  account  of  experiments  with  Paris  green  on  apple 
trees  and  tent  caterpillars,  and  also  with  kerosene  emulsion  on 
plant  lice  and  red  spiders  ; and  a paper  on  cranberry  insects,  with 
illustrations  of  the  tip  worm,  the  vine  worm  and  the  fruit  worm. 
The  second  bulletin,  No.  20,  contains  a brief  history  of  the  canker 
worms,  the  apple  tree  tent  caterpillar,  fall  web-worm  and  the 
tussock  moths,  with  directions  for  their  destruction. 

A Beneficial  Fly. 

On  several  occasions  we  have  received  at  the  insectary  a long, 
slim,  worm-like  larva,  found  under  carpets,  and  supposed  to  be 
injurious  to  woolen  fabrics.  This  larva  is  about  eleven-sixteenths 
of  an  inch  in  length,  as  large  as  an  ordinary  pin  in  the  middle,  and 
gradually  tapering  towards  each  end.  The  head  is  conical,  nearly 
twice  as  long  as  broad,  and  of  a reddish-brown  color,  while  the 
body  is  whitish  translucent,  and  together  with  the  head  comprises 
apparently  twenty-one  segments.  There  are  a few  short  hairs  on 
the  head,  and  on  each  side  of  the  three  following  segments.  There 
are  also  a few  hairs  on  the  twentieth  segment,  and  a pair  of  anal 
prolegs  on  the  last  segment,  which  is  smaller  and  shorter  than  the 
one  before  it  and  easily  overlooked. 

This  larva  proves  to  be  the  young  of  a fly  long  known  in  Europe 
by  the  name  of  Scenopinus  fenestralis  Linn.,  and  was  redescribed 
in  this  country  by  Say  under  the  name  of  Scenopinus  paUipes , and 
by  this  name  it  was  figured  and  described  by  Dr.  Packard  in  his 
“Guide  to  the  Study  of  Insects”  (page  401).  The  adult  fly  is 
about  one-fifth  of  an  inch  in  length,  metallic-black  in  color,  with 
dull  yellowish-brown  legs  and  slightly  gray  wings. 

The  larva  of  this  insect  was  generally  supposed  to  feed  in  rotten 
wood,  and  was  also  thought  to  be  destructive  to  carpets  ; but  it  is 
now  known  that  it  is  carnivorous,  and  feeds  upon  other  insects. 
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Professor  Lintner  reports  that  they  feed  on  the  larvae  of  clothes 
moths,  and  this  observation  has  also  been  made  by  others.  We 
have  lately  discovered  that  they  feed  on  the  larvae  of  the  Buffalo 
carpet  beetle,  and  I have  one  before  me  feeding  on  carpet  beetles. 
Some  time  ago  I kept  two  of  the  larvae  in  a bottle  with  a piece  of 
flannel,  but  both  died,  and  I could  not  discover  that  they  ate  the 
flannel  or  injured  it  in  any  way.  This  little  fly,  being  destructive 
both  to  clothes  moths  and  carpet  beetles,  is  a friend  to  house- 
keepers, and  therefore  should  not  be  destroyed. 

A Destructive  Cut-worm. 

For  several  years  past  we  have  received  specimens  of  a cut-worm 
which  has  proved  very  injurious  to  the  grass  fields  in  many  locali- 
ties. This  caterpillar  is  about  one  and  three-fourths  of  an  inch  in 
length  when  full  grown,  and  quite  stout,  tapering  slightly  from  the 
middle  towards  each  end.  The  head  and  top  of  the  second 
segment  are  very  dark  brown,  and  the  body  of  a glossy  bronze- 
green  color,  with  lighter  longitudinal  stripes.  They  feed  by  night 
on  corn,  grasses  and  knotweed,  remaining  concealed  during  the 
day  under  pieces  of  boards  or  in  any  other  convenient  hiding  place. 
They  pass  the  winter  as  partly  grown  caterpillars,  and  specimens 
bred  at  the  insectary  reached  their  full  growth  and  pupated  August 
4,  and  the  moths  emerged  September  2,  of  the  second  year. 

The  moth  belongs  to  the  great  family  Noctuidoe , which  includes 
the  army  worm  and  a host  of  other  noxious  insects,  and  is  known 
by  the  name  of  Nephelodes  minians  Guen.  A fuller  account  of  it 
will  be  published  at  some  future  time  in  one  of  the  bulletins. 

A series  of  experiments  was  conducted,  during  the  early  part  of* 
the  summer,  on  the  gypsy  moth,  to  ascertain  whether  this  insect 
can  be  wholly  exterminated  with  Paris  green.  The  proportion 
used  in  each  case  was  one  pound  of  Paris  green  to  one  hundred 
and  fifty  gallons  of  water.  This  was  sprayed  upon  branches  of  an 
apple  tree,  and  the  caterpillars  of  the  gypsy  moth  in  their  different 
stages  of  growth  were  placed  on  the  leaves.  From  these  experi- 
ments we  learn  that  the  newly  hatched  caterpillars  can  live  on 
poisoned  leaves  from  four  to  six  days  ; just  before  the  first  molt, 
from  one  to  seven  days  ; between  the  first  and  second  molts,  from 
one  to  two  days  ; between  the  second  and  third  molts,  from  one  to 
seven  days ; between  the  third  and  fourth  molts,  from  one  to 
twelve  days  ; between  the  fourth  and  fifth  molts,  from  three  days 
to  two  weeks  or  more  ; or,  in  other  words,  the  experiments  verify 
the  field  observations  on  this  insect  in  Malden,  namely,  that  Paris 
green  seems  effective  in  reducing  their  numbers,  but  it  does  not 
appear  that  all  the  caterpillars  on  a tree  can  possibly  be  destroyed  ; 


/ 


18 


AGRICULTURAL  COLLEGE. 


[Jan. 


for  in  these  experiments,  where  the  leaves  were  sprayed  more 
evenly  and  effectually  than  it  could  be  done  on  tall  trees  in  the 
field,  some  of  the  caterpillars  lived  long  enough  for  all  the  Paris 
green  to  be  washed  from  the  leaves.  All  the  pupae  that  came 
from  the  poison-fed  caterpillars  were  kept,  and  from  the  majority 
of  them  the  moth  successfully  emerged,  showing  that,  in  their 
cases  at  least,  they  had  not  taken  poison  enough  to  prevent  them 
from  completing  their  transformations.  These  experiments  prove 
beyond  a doubt  that  we  cannot  rely  upon  Paris  green  for  the  ex- 
termination of  the  gypsy  moth,  but  that  other  measures  must  be 
used  in  connection  with  it. 

The  work  on  the  card  catalogue  of  the  literature  of  the  insects 
of  the  United  States  has  been  pushed  forward  as  rapidly  as  possi- 
ble, and  the  final  copying  is  about  one-third  done. 

The  biological  collection  has  been  increased  by  a large  number 
of  inflated  caterpillars,  and  insects  of  all  orders  have  been  collected 
as  time  permitted.  A similar  collection  has  been  commenced  for 
the  gypsy  moth  committee. 

The  correspondence  at  the  insectary  has  grown  to  such  propor- 
tions as  to  consume  a large  amount  of  time,  although  we  have 
declined  to  answer  letters  on  entomological  matters  from  other 
States. 


The  Agricultural  Division. 

The  Japanese  varieties  of  millets  which  have  been  alluded  to  in 
previous  reports  have  been  under  trial  this  year,  both  as  forage 
and  seed  crops.  The  yield  of  seeds  has  been  smaller  than  in 
previous  years;  viz.,  in  the  case  of  Panicum  italicum,  fifty-five 
bushels  ; Panicum  crus  galli , sixty-nine  bushels  ; and  Panicum 
miliaceum , twenty-eight  bushels  per  acre.  The  analysis  of  the 
meal  manufactured  from  the  seed  of  the  first  shows  it  to  resemble 
oats  very  closely  in  composition,  and  an  experiment  in  feeding  it 
to  cows  for  milk  in  comparison  with  corn  meal  has  shown  it  to  be 
slightly  superior  to  the  latter  for  that  purpose.  The  yield  of  straw 
is  heavy,  amounting  to  one  and  one-half  tons  per  acre,  and  an 
experiment  in  feeding  it  indicates  that  it  is  even  superior  to  corn 
stover  for  milk  production.  The  food  value  of  the  product  of  an 
acre  in  millet  has  often  exceeded  the  food  value  of  an  equal  area 
of  similar  land  in  corn  ; but  if  threshed  by  hand  the  increased 
labor  cost  is  out  of  all  proportion  to  the  excess  in  value.  It  may 
pay  to  raise  the  seed  under  favorable  conditions  for  market,  when 
it  should  be  machine  threshed  ; but  as  a grain  crop  it  cannot  com- 
pete with  corn  under  the  conditions  existing  here. 

The  seed  of  this  variety  was  sold  to  a large  number  of  farmers- 
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in  this  State  last  spring,  all  of  them  trying  it  as  a forage  crop. 
Those  sowing  the  seed  in  sufficient  quantity  and  at  the  right  time 
report  themselves  generally  well  pleased  with  the  results. 

Both  of  the  other  species  have  been  tried  here  as  forage  crops, 
one  acre  of  each  having  been  grown.  The  yield  of  the  two  was 
not  very  different,  amounting,  in  the  case  of  the  miliaceum , or 
“ panicle  ” millet,  to  ten  and  three-fifths  tons  ; while  the  crus  galli , 
or  “ crow  foot”  millet,  gave  ten  and  one-half  tons  per  acre.  One- 
fourth  acre  of  each  was  fed  green  to  cows,  with  very  satisfactory 
results.  It  would  appear  to  be  fully  equal  to  good  corn  fodder, 
and  is  more  closely  eaten,  there  being  absolutely  no  waste.  The 
crop  from  three-fourths  of  an  acre  of  each  variety  was  put  into  a 
silo,  which  has  not  yet  been  opened.  I consider  these  very 
promising  fodder  crops  for  the  purposes  for  which  we  have  used 
them,  but  not  for  making  into  hay,  as  they  are  too  coailse  for  that 
purpose. 

Three  varieties  of  soya  beans  have  been  under  cultivation. 
These  have  given  yields  of  from  about  twenty-two  to  twenty-eight 
bushels  per  acre.  It  is  significant  that  the  yield  has  been  greatest 
where  the  tubercles  which  are  connected  with  the  assimilation  of 
atmospheric  nitrogen  were  most  abundant.  The  cause  for  the 
wide  differences  noticed  in  the  number  of  tubercles  upon  the  roots 
in  different  fields  will  be  studied  another  season.  At  present  we 
are  unable  to  determine  whether  these  differences  were  due  to 
variety  of  bean,  or  to  location  ; though  it  is  believed  that  the  fact 
that  soya  beans  had  previously  been  grown  where  the  tubercles 
were  this  year  most  abundant  is  a sufficient  explanation  of  the 
phenomena  noticed,  for  this  would  mean  a greater  number  of 
germs  in  the  soil,  as  the  certain  consequence  of  the  previous  culti- 
vation of  the  crop  upon  which  the  tubercle  bacilli  develop. 

The  large  white  Japanese  radish  has  been  under  trial  as  a field 
crop.  This  seed  is  generally  sold  in  this  country  under  the  name 
Chinese  radish,  as  the  Chinese  as  well  as  the  Japanese  make 
extensive  use  of  this  root  as  food.  The  crop  can  have  no  impor- 
tance here  for  this  purpose,  as  its  flavor  is  too  strong  ; but  it  is  of 
possible  value  as  a crop  for  cattle  or  sheep.  It  grows  in  about 
the  same  length  of  time  as  the  larger  English  turnips,  and  gives  a 
heavy  yield.  Although  our  seed  was  far  from  the  best,  we  got  in 
different  fields  from  fifteen  to  twenty-two  tons  per  acre.  Sheep 
and  cattle  eat  it  greedily,  and  its  food  value  is  probably  about  the 
same  as  that  of  English  turnips.  It  will  be  analyzed  for  the 
determination  of  this  point. 

Small  areas  of  hemp  and  flax  of  several  varieties  have  been 
successfully  grown,  but  do  not  promise  to  be  profitable.  White 
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mustard  gave  us  at  the  rate  of  twelve  and  one-half  bushels  of  seed 
to  the  acre,  the  yield  being  very  light,  on  account  of  injury  from 
worms  at  the  root  while  the  plants  were  growing.  This  crop  is 
under  careful  experiment  as  a nitrogen  conserver  and  soil  improver. 

So-called  “ mammoth  spring  ” rye  offered  for  sale  by  a Con- 
necticut seedsman  proves  to  be  utterly  worthless.  The  seed  is  a 
mixture  of  wheat  with  a grain  that  has  the  appearance  of  being  a 
hybrid  between  wheat  and  rye.  The  growth  is  very  feeble  and 
the  yield  exceedingly  light. 

A feeding  experiment,  designed  to  throw  light  upon  the  compar- 
ative value  for  milk  production  of  silage  and  mangolds,  has  been 
carefully  carried  out.  This  experiment  was  tried  with  four  new 
milch  cows,  and  was  continued  for  twelve  weeks  (four  periods  of 
three  weeks  each),  with  every  precaution  to  insure  reliable  results. 
The  silage  ^vas  made  from  Longfellow  corn,  generally  well  glazed 
when  cut.  Thirty  pounds  of  this,  together  with  suitable  amounts 
of  hay,  stover  and  mixed  grain  feed,  were  fed  against  forty  pounds 
of  sliced  mangolds  and  equal  amounts  of  hay,  etc.  The  cows 
gave  more  milk  and  more  cream  when  receiving  silage,  and  gained 
weight,  while  they  lost  weight  when  receiving  the  beets.  * The 
figures  for  the  four  cows  during  eight  weeks  (the  last  two  weeks 
only  of  each  of  the  three-weeks  periods  being  taken  into  account) 
are  as  follows  : — 

For  beets : milk,  2,787  pounds  ; cream,  840  spaces. 

For  silage : milk,  2,908  pounds ; cream,  849  spaces. 

It  will  generally  cost  from  one  and  one-half  to  two  times  as 
much  to  produce  beets  as  corn  silage,  and  the  former  is  much  the 
more  uncertain  crop  of  the  two.  The  superior  economy  of  corn 
for  the  silo  over  beets  as  a food  for  milk  production  thus  becomes 
sufficiently  evident. 

As  in  previous  years,,  soil  tests  with  fertilizers  in  different  parts 
of  the  State  have  engaged  a large  share  of  attention.  In  Bulletin 
No.  18  are  reported  the  results  of  nine  such  experiments, — two 
with  oats,  five  with  potatoes  and  two  with  corn. 

The  results  with  corn  are  confirmatory  of  the  conclusions  of 
previous  years,  and  indicate  the  great  advantage  of  a liberal  use 
of  potash  when  sod  land  of  medium  fertility  is  broken  for  this  crop. 

For  potatoes,  too,  the  potash  exerts  the  most  marked  effect  upon 
the  crop.  The  grand  average  increase  for  the  five  experiments 
reported  is  as  follows  : — 

Bushels. 

For  nitrogen  : merchantable  potatoes,  . . . .10.74 

For  phosphoric  acid : merchantable  potatoes,  . . 10.11 

For  potash:  merchantable  potatoes,  . . . .41.55 
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The  nitrate  of  soda  produced  a marked  effect  upon  the  oats  in 
these  experiments,  and,  except  upon  land  already  quite  rich,  its  use 
in  small  amount  in  spring  would  probably  be  generally  profitable. 

The  influence  of  fertilizer  upon  the  quality  of  potatoes  was 
studied  in  connection  with  the  soil  tests  reported  in  Bulletin  No.  18. 
A large  number  of  chemical  analyses  were  made  for  this  purpose. 
The  leading  indications  afforded  by  these  analyses  are  : — 

First.  That  nitrate  of  soda  and  superphosphate  are  favorable  to 
starch  formation  and  good  quality  ; 

Second.  That  muriate,  of  potash  is  distinctly  unfavorable  to  starch 
formation ; and 

Third  That  manure  will  produce  tubers  of  better  quality  than  a 
“ complete  fertilizer  11  in  which  the  potash  is  in  the  form  of  the  muriate. 

Seven  soil  test  experiments  have  been  carried  out  the  past  sea- 
son, — two  with  grass,  three  with  oats,  one  with  corn  and  one  with 
soya  beans.  The  results  are  not  fully  worked  up,  but  the  following 
are  the  leading  points  indicated  : — 

First.  Potash  is  the  controlling  element  for  the  beans  and  corn  ; 

Second.  Nitrate  of  soda  is  beneficial  to  the  oats ; 

Third.  Nitrate  of  soda  greatly  increases  the  yield  of  grass ; and 

Fourth.  Muriate  of  potash  causes  a remarkable  increase  in  the  pro- 
portion of  clover  in  mowings  where  timothy,  red-top  and  clover  seeds 
are  sown. 

The  experiment  of  growing  corn  on  manure  alone,  six  cords  to 
the  acre,  in  comparison  with  corn  receiving  one-half  as  much 
manure  and  one  hundred  and  twenty-four  pounds  of  muriate  of 
potash  per  acre,  has  been  continued  upon  the  same  land  as  last 
year.  The  results  are  in  favor  of  the  manure  alone  ; viz.  (the 
average  of  two  experiments),  60.5  bushels  grain  for  the  manure 
and  potash,  and  69.5  bushels  for  the  manure  alone.  The  average 
yields  of  stover  are  respectively  4,545  pounds  and  5,207  pounds. 
The  money  cost  of  the  manure  alone  was  at  the  rate  of  $30  per 
acre;  that  of  the  manure  and  potash,  $17.50.  There  is  still  a 
financial  advantage  (labor  not  included)  of  $5.35  in  favor  of  the 
half  manure  and  potash ; but  it  is  apparently  asking  too  much  to 
expect  one  hundred  and  twenty-four  pounds  of  muriate  of  pot- 
ash to  replace  three  cords  of  manure. 

A careful  comparison  of  hill  and  drill  culture  of  corn  has  been 
made,  with  results  slightly  in  favor  of  the  drill  system. 

The  comparison  of  special  fertilizers,  as  generally  found  in  our 
markets,  with  a home  mixture  richer  in  potash,  has  been  continued 
upon  the  same  land  as  last  year.  One-half  acre  has  been  in  corn, 
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and  an  equal  amount  in  millet.  There  is  a slight  difference  in 
favor  of  the  special  fertilizer  in  the  case  of  the  grain,  but  an  equal 
advantage  in  favor  of  the  fertilizer  richer  in  potash  in  the  case  of 
the  stover  in  the  corn  experiment.  In  the  case  of  the  millet  the 
advantage  is  with  the  home  mixture  both  in  grain  and  straw.  The 
figures  are  as  follows  : — 


Grain  per  Acre. 

Stover  per  Acre. 

( Special  fertilizer, 

62.3  bushels. 

4,164  pounds. 

Corn 

Q Home  mixture,  .... 

56.7  bushels. 

4,452  pounds. 

( Special  fertilizer, 

54.3  bushels. 

2,700  pounds. 

Millet  <? 

(Home  mixture, 

56.3  bushels. 

3,050  pounds. 

The  materials  in  the  special  fertilizer  cost  at  the  rate  of  $13.66 
per  acre  ; those  in  the  home  mixture,  $10.70. 

Two  experiments  have  been  tried  for  the  comparison  of  the  sul- 
phate with  the  muriate  as  a source  of  the  potash  in  fertilizer  for 
potatoes.  In  one  experiment  all  the  fertilizers  were  applied  broad- 
cast, in  the  other  they  were  broadly  scattered  in  the  drill.  In  both 
experiments  the  results  were  decidedly  in  favor  of  the  sulphate. 
The  yields  per  acre  were  as  follows  : — 

Sulphate  of  Potash. 

Broadcast,  merchantable  tubers,  185.7  bushels ; small  tubers,  10.8 
bushels. 

Drill,  merchantable  tubers,  192.5  bushels ; small  tubers,  13.5  bushels. 

Muriate  of  Potash. 

Broadcast,  merchantable  tubers,  166.6  bushels;  small  tubers,  13.3 
bushels. 

Drill,  merchantable  tubers,  179.1  bushels ; small  tubers,  17.0  bushels. 

In  these  experiments  the  fertilizers  were  used  in  such  quantities 
as  to  supply  equal  amounts  of  actual  potash  in  each  plat,  and 
together  with  the  potash  salts  were  used  suitable  amounts  of 
fertilizers  supplying  nitrogen  and  phosphoric  acid,  the  same  to  each 
plat. 

In  appearance  when  cooked,  and  in  eating  quality,  the  potatoes 
grown  upon  the  sulphate  of  potash  were  distinctly  and  decidedly 
better  than  were  those  grown  upon  the  muriate.  This  statement  is 
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made  upon  the  independent  authority  of  three  parties  who  tested 
them  repeatedly,  and  without  knowing  in  any  case  the  nature  of 
the  difference  between  the  samples  offered  for  the  test. 

Experiments  with  grass  in  half  and  quarter  acre  plats  have  been 
carried  out  during  the  last  three  years  in  great  number.  In  these 
experiments  the  plan  has  been  to  study  the  question  whether  manure 
at  the  local  prices,  or  fertilizers,  would  afford  the  more  profitable 
increase  in  crop.  Manures  of  various  kinds  have  been  used  on 
from  seven  to  ten  plats  each  year,  and  in  quantities  varying  from 
about  three  to  five  cords  per  acre.  Fertilizers  in  various  combina- 
tions and  amounts  have  been  employed  upon  about  an  equal  number 
of  plats.  The  materials  used  have-  been  muriate  of  potash,  dry 
ground  fish,  dried  blood,  bone  meal  and  superphosphate.  Among 
the  most  satisfactory  combinations  have  been  : — 

1.  Muriate  of  potash,  160  pounds;  dry  ground  fish,  400  pounds. 

2.  Muriate  of  potash,  160  pounds ; dry  ground  fish,  200  pounds ; and 
bone  meal,  200  pounds. 

In  these  experiments  the  manure  applied  has  cost  on  the  land 
from  $15  to  $25  per  acre.  The  increase  in  the  crop  has  been 
insufficient  to  repay  this  expenditure.  Such  applications  of  fertil- 
izers as  I have  mentioned  above  can  be  made  for  $10  to  $12  per 
acre,  and  the  increase  in  crop  is  sufficient  to  repay  such  an  ex- 
penditure. 

The  Horticultural  Division. 

The  work  of  this  division  has  been  continued  on  similar  lines  to 
those  of  former  years,  and  is  outlined  as  follows  : — 

Comparison  of  New  and  Old  Varieties  of  Fruits. 

Among  the  new  varieties  of  fruits  tested,  few  if  any  have  been 
found  superior  or  even  equal  to  the  older  sorts.  Many  of  them 
are  very  promising,  but  their  real  value  for  New  England  can  only 
be  determined  by  several  years’  tests,  and  that  in  more  than  one 
locality. 

Taking  the  old  and  new  varieties  together,  those  that  our  tests 
lead  us  to  pronounce  the  most  valuable  for  general  market  and 
home  use  are  as  follows,  given  in  the  order  of  ripening : — 

Apples. — Red  Astrachan,  Gravenstein,  Haas  Baldwin,  Rhode  Island 
Greening,  Roxbury  Russett.  , 

Pears.  — Giffard,  Clapp,  Bartlett,  Bose,  Sheldon,  Anjou,  Lawrence, 
Dana’s  Hovey. 
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Peaches.  — Amsden  (on  account  of  hardiness  of  buds),  Early  Rivers, 
Crawford’s  Early,  Crawford’s  Late,  Mountain  Rose,  Oldmixon,  Crosby 
(Excelsior)  and  Stump. 

Plums.  — Bradshaw,  McLaughlin,  Lombard,  German  Prune. 

Quinces. — Orange  and  Rea’s  Mammoth. 

Grapes.  — Moore’s  Early,  Worden,  Concord,  Delaware,  Winchell 
(Green  Mountain). 

Blackberries.  — Agawam,  Snyder,  Taylor’s,  Erie. 

Black-cap  Raspberries.  — Souhegan  or  Doolittle,  Gregg,  Xemeha, 
Crawford. 

Red  Raspberries.  — Marlborough,  Hansell,  Cuthbert. 

Currants. — Versaillaise,  Cherry  and  Fay’s  Prolific. 

Strawberries.  — Beder  Wood,  Bubach,  Haverland,  Sharpless. 


Fungicides , and  Insecticides  and  Fungicides  combined. 

Fungous  diseases,  owing  to  the  dryness  of  the  season,  have  not 
been  as  prevalent  the  past  as  in  several  preceding  seasons,  but 
marked  results  were  obtained  in  many  experiments.  By  combining 
the  Bordeaux  mixture  with  Paris  green,  the  apple  scab  and  the 
codling  moth  were  largely  destroyed,  as  was  also  the  potato  beetle 
and  potato  blight  or  rot. 

The  plum  wart  was  largely  prevented  by  the  application  of  ker- 
osene, by  the  use  of  copper  solutions,  and  the  severe  heading  in  of 
the  infected  trees. 

The  black  or  Italian  poplar,  so  badly  injured  by  the  poplar  rust 
for  two  seasons  past,  was  treated  with  many  kinds  of  fungicides, 
and  from  the  results  obtained  this  season  we  believe  this  alar  mins: 
disease  can  be  controlled. 

The  carnation  rust,  reported  in  many  greenhouses  as  causing 
much  injury,  has  been  treated  with  the  Bordeaux  mixture  and 
other  fungicides,  with  very  favorable  results. 

The  use  of  the  simple  solutions  of  copper  sulphate  suggested  in 
our  April  bulletin  has  not  been  as  satisfactory  as  was  anticipated, 
the  foliage  of  nearly  all  kinds  of  trees  and  plants  having,  under 
some  circumstances,  been  injured  by  it. 

Experiments  in  overhead  vs.  underbench  piping  have  been  con- 
tinued with  about  the  same  results  as  for  the  past  two  years. 

Fertilizers  for  the  greenhouse  have  been  experimented  with,  but 
no  results  have  been  reached  at  this  time,  other  than  those  reported 
in  previous  bulletins. 


Spraying  Apparatus. 

Many  kinds  of  spraying  pumps  have  been  tested,  as  well  as 
nozzles  and  other  appliances,  and  also  numerous  kinds  of  fungi- 
cides and  insecticides,  both  out  doors  and  under  glass  ; but  we  find 
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the  best  results  thus  far  obtained  from  the  Bordeaux  mixture  and 
ammoniacal  carbonate  of  copper  as  a fungicide,  and  Paris  green  as 
an  insecticide. 


The  Meteorological  Division. 

The  line  of  work  previously  decided  upon  in  this  division  has 
not  been  fully  performed.  The  series  of  experiments  in  electro- 
culture, pursued  for  a season  with  encouraging  results,  has  been 
delayed  ; the  necessary  apparatus  has  been  purchased  and  prepa- 
rations made,  and  it  is  hoped  that  when  the  season  opens  investi- 
gation in  this  direction  may  be  resumed.  In  other  respects  there 
has  been  steady  progress  toward  improvement.  A fine  standard 
signal  service  barometer  for  verifying  the  readings  of  the  baro- 
graph, and  Greeley’s  “ self-starting,  self-stopping,  ink-writing 
telegraph  register,”  have  been  placed  in  the  observatory.  The 
latter  instrument  is  unique  in  itself,  and  designed  to  record 
weather  forecasts  which  at  any  time  may  be  telegraphed  to  the 
college.  The  connection,  however,  between  the  observatory  and 
the  main  line  has  not  been  made  ; but  as  soon  as  this  can  be 
accomplished  and  preparations  for  displaying  flags  completed,  the 
weather  service  at  Washington  will  furnish  the  daily  forecasts  free. 

For  taking  observations  at  the  base  of  the  tower  there  have 
been  recently  purchased  a new  set  of  maximum  and  minimum 
thermometers,  a portable  self-registering  anemometer,  and  Furges- 
son’s  self-recording  rain  and  snow  gauge.  This  new  apparatus,  in 
addition  to  the  valuable  appliances  already  in  place,  increases  the 
value  of  the  division,  and  makes  an  observatory  more  fully  equipped 
with  self-recording  instruments  than  any  other  of  its  kind  in  the 
country.  With  the  present  facilities  for  work,  and  encouraging 
prospects  ahead,  it  is  hoped  that  soon  the  object  so  long  pursued 
and  the  efforts  put  forth  will  be  realized  and  appreciated  in  a well- 
established  signal  station  at  the  college. 

A knowledge  of  the  climate  is  of  vital  importance  to  the  agri- 
culturist; extreme  periods  of  heat  and  cold,  early  and  late  frosts, 
rainfall  and  drought,  relative  humidity,  and  the  ever-changing 
conditions  of  the  weather,  hold  largely  in  their  power  the  success 
and  failure  of  crops  and  the  health  and  prosperity  of  the  people. 
As  every  locality  has  a climate  peculiar  to  itself,  it  is  wise  that  the 
meteorology  of  each  section  of  country  should  be  thoroughly  under- 
stood. It  is  with  this  end  in  view  that  the  department  has  under- 
taken to  study  the  large  amount  of  most  valuable  meteorological 
data,  collected  for  the  last  fifty-seven  years  by  the  late  Professor 
Snell  (of  Amherst  College)  and  the  Misses  Snell,  and  bring  it  into 
a more  condensed  form,  that  deductions  can  be  made  and  some 
definite  conclusion  drawn  as  to  the  mean  climate  of  Amherst. 
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Much  credit  is  due  Miss  Sabra  Snell,  who  kindly  allowed  the 
writer  the  use  of  the  valuable  records  in  her  charge,  which  greatly 
aided  him  in  arriving  at  the  results  herewith  submitted.  The  data 
mostly  reviewed  are  those  relating  to  atmospheric  pressure,  tem- 
perature and  precipitation  in  the  form  of  rain  and  snow.  Accom- 
panying these  results  will  be  found  a chart  upon  which  curves  are 
traced,  showing  the  fluctuations  of  the  mean  yearly  barometric 
pressure,  mean  annual  temperature,  mean  temperatures  of  the 
summer  and  winter  months,  and  the  rain  and  snow  fall  for  the  last 
fifty-seven  and  fifty-two  years  respectively. 

Atmospheric  Pressure. 

From  what  has  been  observed  and  recorded,  we  deem  it  safe  to 
say  that  the  mean  barometric  pressure  at  Amherst  (reduced)  is 
seldom  if  ever  greater  than  29.81  inches,  or  less  than  29.66,  the 
difference  being  .15  of  an  inch.  It  is  found  that  during  fifty-six 
years  the  mean  barometer  has  fallen  below  29.70  only  nine  times, 
while  it  has  reached  29.70,  or  above  that  point,  forty-seven  times. 

It  is  also  noticed  that  the  first  mean  recorded  was  29.68 ; fifteen 
years  elapsed  before  the  mean  again  fell  below  29.70  ; three  years 
intervened,  when  the  mean  was  again  below  29.70 ; two  years 
later  the  same  occurred,  making  the  cycle  of  five  years  complete ; 
two  periods  of  five  years  passed,  and  at  the  end  of  each  the  mean 
fell  below  29.70;  then  came  a break  of  three  years,  after  which 
another  period  of  five  years  and  a minimum  below  29.70,  the  latter 
always  occurring  on  the  fifth  year  or  the  one  following.  Fourteen 
years  have  elapsed  since  the  last  minimum  below  29.70  was 
recorded.  Thus  from  the  facts  above  noted  it  would  seem  that 
the  minimum  pressures,  with  few  exceptions,  occur  in  cycles,  and 
that  the  number  of  years  in  these  cycles  is  some  multiple,  or 
very  near  some  multiple,  of  five.  Basing  the  value  of  future 
expectations  on  deductions  already  made,  we  find  the  probability 
that  the  mean  pressure  in  inches  for  each  of  the  next  fifty-six 
years  will  be  — 
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as 

29:76 

to 

be 

as 

22: 

: 34 

At  least  as  high 

as 

29.77 

to 

be 

as 

12: 

: 44 

At  least  as  high 

as 

29.78 

to 

be 

as 

7: 

: 49 

Above  . 

, 

29.78 

to 

be 

as 

4: 

: 52 

Temperature. 

In  1836  the  mean  temperature  was  52.70°,  and  fifty-two  years 
after  the  mean  was  50.88°.  The  number  of  years  between  these 
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two  dates  is  very  close  to  a multiple  of  six.  If  we  consider  the 
next  lowest  maximum,  49.8 lp,  which  occurred  in  1839,  we  find 
that  thirty  years  afterward  the  mean  again  reached  above  49°, 
namely,  49.17°.  Then  a period  of  six  years  intervened,  and  a 
mean  temperature  above  49°  was  recorded  for  two  years  in  succes- 
sion, the  true  means  being  49.12°  and  49.47°  respectively. 
Reckoning  from  the  first  of  these  maxima,  we  find  that  just  twelve 
years  elapsed,  when  the  mean  temperature  was  again  above  49°, 
namely,  50.88°.  If  we  count  from  the  last  maximum,  we  find 
twelve  years  intervened  before  the  same  mean  was  again  recorded. 
Hence  it  would  seem  that  the  mean  temperature  from  49°  upward 
occurred  in  periods  of  some  multiple,  or  very  near  some  multiple, 
of  six. 

If  we  consider  the  next  lowest  maximum,  viz.,  48.85°,  we  find 
that  the  latter  occurred  in  1841  ; four  years  elapsed,  when  a 
yearly  mean  of  48.02°  was  recorded.  Twenty-four  years  later  the 
48°  line  was  crossed,  for  the  mean  temperature  was  49.17°.  The 
seventh  and  eighth  years  following,  the  temperature  passed  the 
maximum  line  in  question ; reckoning  from  the  first  of  these,  the 
seventh,  we  find  four  years  later  another  mean  of  48.49°  ; reckon- 
ing from  the  second  or  eighth  year,  we  find  in  just  four  years  yet 
another  mean  of  48.70°  recorded  ; that  is,  two  years  in  succession 
the  mean  temperature  was  over  48°  but  less  than  49°.  Taking  the 
first  of  these  as  our  starting  point,  we  find  that  four  years  inter- 
vened, and  the  mean  temperature  of  48.29°  occurred  ; another  four 
years  passed,  and  the  maximum  line  was  again  crossed  by  the 
mean  of  50°. 

It  would  seem,  therefore,  from  the  above  statements,  that  the 
occurrence  of  a mean  temperature  of  at  least  48°  appeared  in  cycles 
whose  number  of  years  is  some  multiple  of  four,  with  an  occasional 
exception.  As  the  yearly  means  approach  the  mean  for  fifty-seven 
years,  that  is,  47°,  the  maximum  and  minimum  points  in  the  curve 
occur  more  irregularly.  The  numbers  forty-five,  forty-six  and 
forty-seven,  the  integral  parts  of  three  means,  occur  forty-one 
times  ; that  is,  the  number  forty-five  appears  eight  times,  the  num- 
ber forty-six  twenty-four  times,  the  number  forty-seven  nine  times, 
and  there  have  been  thirty-six  years  during  the  period  under  dis- 
cussion when  the  mean  yearly  temperature  was  below  47°. 

On  examining  the  curve  which  indicates  the  mean  temperatures 
for  the  winter  months  during  fifty-six  years,  it  will  be  noticed  that 
the  maximum  means  occur  in  cycles,  the  number  of  years  in  each 
being  some  multiple,  or  very  near  some  multiple,  of  five.  If  the 
four  lowest  minima  are  considered,  it  will  be  found  that  from  the 
first  minimum  to  the  second,  fifteen  years  had  passed  ; thirteen 
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years  after  another  minimum  occurred,  and  twenty  years  later  the 
fourth  minimum  was  registered. 

It  would  seem,  then,  that  the  periods  between  the  ocurrences  of 
low  temperatures  are  also  multiples,  or  near  some  multiple,  of  five. 
Again,  the  mean  temperature  of  the  summer  months  recorded  as 
being  above  70°  with  one  exception  occur  in  periods,  the  number  of 
years  in  each  being  some  multiple,  or  near  some  multiple,  of  five. 
The  following  is  a table  of  probabilities  based  on  the  yearly  mean 
temperature  for  the  last  fifty-seven  years.  The  expectation  that  the 
mean  annual  temperature  for  the  next  fifty-seven  years  will  be  — 


At  least 

52  degrees 

is  as 

1:56 

At  least 

50  degrees 

is  as 

2 : 55 

At  least 

49  degrees 

is  as 

7:50 

At  least 

48  degrees 

is  as 

12:45 

At  least 

47  degrees 

is  as 

21:36 

At  least 

46  degrees 

is  as 

45:12 

At  least 

45  degrees 

is  as 

53:  4 

At  least 

44  degrees 

is  as 

56:  1 

At  least 

43  degrees 

is  as 

57:0 

There  is  no  probability  that  the  mean  yearly  temperature  will  be 
below  43°  during  the  next  fifty-seven  years. 

Precipitation. 

Regarding  the  rain,  it  is  found  that  in  1843  the  mean  rainfall 
was  51.58  inches  ; in  1850,  55.05  inches  was  noted  ; in  1853,  ten 
years  from  the  time  the  first  mean  above  50  inches  was  observed, 
51.23  inches  of  water  fell ; five  years  elapsed,  then  a mean  of  51.28 
inches  occurred;  four  years  later,  in  1863,  57.71  inches  of  rain 
fell ; six  years  later,  53.29  inches,  — and  thus  another  cycle  of  ten 
years  was  completed.  It  would  thus  seem  that  the  mean  annual 
rainfall  of  50  or  more  inches  occurs  in  periods,  the  number  of 
years  in  each  period  being  some  multiple  of  five.  But  if  we  con- 
sider the  three  largest  yearly  means,  it  will  be  seen  that  they  occur 
in  cycles  of  some  multiple  of  twelve.  For  example,  in  1850,  as 
stated  above,  55.05  inches  of  rain  were  registered ; twelve  years 
.after,  57.71  inches  were  recorded ; and  twenty-four  years  later, 
58.04  inches  were  observed. 

The  probability  that  the  mean  rainfall  for  each  of  the  following 
fifty-seven  years  — 

Will  be  at  least  58  inches  is  as  1 : 56 

Will  be  at  least  57  inches  is  as  2:55 

Will  be  at  least  55  inches  is  as  3 : 54 

Will  be  at  least  53  inches  is  as  4 : 53 
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Will  be  at  least 

51  inches 

is  as 

7:50 

Will  be  at  least 

50  inches 

is  as 

8:49 

Will  be  at  least 

49  inches 

is  as 

10:47 

Will  be  at  least 

48  inches 

is  as 

13:44 

Will  be  at  least 

47  inches 

is  as 

17:40 

Will  be  at  least 

46  inches 

is  as 

21:36 

Will  be  at  least 

45  inches 

is  as 

23:34 

Will  be  at  least 

44  inches 

is  as 

25:32 

Will  be  at  least 

43  inches 

is  as 

28:29 

Will  be  at  least 

42  inches 

is  as 

34:23 

Will  be  at  least 

41  inches 

is  as 

39:18 

Will  be  at  least 

40  inches 

is  as 

43  : 14 

Will  be  at  least 

39  inches 

is  as 

47:  10 

Will  be  at  least 

38  inches 

is  as 

52:5 

Will  be  at  least 

37  inches 

is  as 

53:4 

Will  be  at  least 

36  inches 

is  as 

54:3 

Will  be  at  least 

35  inches 

is  as 

54:3 

Will  be  at  least 

34  inches 

is  as 

56:1 

Will  be  at  least 

30  inches 

is  as 

57:0 

There  is  no  probability  that  the  mean  yearly  rainfall  will  be  less 
than  30  inches  for  the  next  fifty-seven  years.  The  mean  rainfall 
from  1836-92  inclusive  is  44.05  inches,  and  twenty-five  of  the 
years  during  this  period  had  a mean  rainfall  of  44  or  more  inches, 
while  thirty-two  years  had  a mean  below  44  inches.  Therefore 
the  probability  that  the  mean  yearly  precipitation  for  the  next 
period  of  fifty-seven  years  will  be  equal  to  the  mean  of  the  last 
fifty-seven  years,  is  as  25  : 32. 

Snowfall. 

It  is  found  that  the  mean  snowfall  varies  greatly  from  year  to 
year.  During  the  last  fifty-two  years  the  annual  depth  has  ranged 
from  17  to  87  inches.  The  whole  amount  recorded  is  230.42  feet, 
or  an  average  of  53.17  inches  per  year.  The  curve  shows  that 
very  seldom  does  the  same  depth  occur  twice  during  this  period. 
Twenty-seven  times  the  yearly  mean  was  52  or  more  inches,  and 
twenty-five  times  below  52.  That  is,  the  probability  that  at  least 
52  inches  of  snow  may  fall  each  of  the  next  fifty-two  years  is  as 
27:25.  If  the  time  be  divided  into  three  periods,  beginning  with 
1840,  it  is  found  that  the  first  seventeen  years  923.7  inches  of 
snow,  or  an  average  of  54.33  inches  per  year,  was  recorded ; the 
second  period  of  seventeen  years,  951.5  inches,  or  an  average  of 
55.9  inches  each  year;  while  the  last  eighteen  years  the  whole 
amount  is  889.9  inches,  or  a yearly  mean  of  49.44  inches.  This 
would  seem  that  for  the  last  eighteen  years  the  mean  yearly 
snowfall  had  gradually  decreased. 


30  AGRICULTURAL  COLLEGE.  [Jan. 

Recapitulation . 

Mean  barometric  pressure,  in  inches,  1837-92,  . . 29.741 

Mean  temperature,  June,  July  and  August,  1836-62,  . 68.26°  F. 

Mean  temperature,  June,  July  and  August,  1862-92,  . 68.10°  F. 

Mean  temperature,  December,  January  and  February, 

1836-62,  24.53°  F. 

Mean  temperature,  December,  January  and  February, 

1862-92,  28.25°  F. 

Mean  temperature,  1st  period  of  19  years,  1835-54,  . 47.29°  F. 

Mean  temperature,  2d  period  of  19  years,  1854-73,  . 46.48°  F. 

Mean  temperature,  3d  period  of  19  years,  1873-92,  . 47.23°  F. 

Mean  yearly  temperature,  1836-92, 47.00°  F. 

Greatest  annual  rainfall,  1888, 58.04  inches. 

Least  annual  rainfall,  1837, 30.70  inches. 

Mean  annual  rainfall,  1836-92, 44.05  inches. 

Amount  of  snow,  1840-57,923.7  inches;  yearly  average,  54.33  inches. 

Amount  of  snow,  1857-74,  915.5  inches;  yearly  average,  55.90  inches. 

Amount  of  snow,  1874-92,889.9  inches;  yearly  average,  49 . 44  inches. 

Amount  of  snow,  1840-92, 230.42  feet. 

Average  per  year, 53.17  inches. 

Greatest  depth  recorded,  1875, 87.5  inches. 

Least  depth  recorded,  1877, 17  inches. 

Mean  cloudiness  observed,  1845-92,  . . . .50.83  per  ct. 


Since  Jan.  1,  1892,  a careful  record  of  the  daily  forecasts,  both 
Washington  and  local,  has  been  kept;  each  day  these  forecasts 
have  been  compared  with  the  true  state  of  the  weather  at  Amherst, 
and  the  percentages  of  correctness  recorded  and  remarks  made 
upon  those  predictions  that  have  proven  failures  or  partial  failures. 
This  feature  of  our  work  was  desired,  in  order  that  a better  knowl- 
edge of  the  efficiency  of  the  weather  service  might  be  obtained. 

The  following  table  gives  the  percentages  of  forecasts  which 
were  found  to  be  correct  for  Amherst : — 


* Local 

Washington 

Forecast. 

1 Forecast. 

1892. 

Per  Cent. 

Ter  Cent. 

January 

93.3 

87. 

February, 

93.1 

86.6 

March, 

April 

100. 

100. 

93.3 

80. 

May 

80.6 

71. 

June 

70. 

83.3 

July 

88.8 

87. 

August, 

96.7 

96.7 

September 

96.3 

96.6 

October 

93.6 

96.8 

November,  . 

96.6 

96.6 

December, 

90.5 

88.9 

Total  average  for  the  year, 

91.06 

89.2 

Difference  in  favor  of  local, 

. 1.86  per  cent. 

* The  term  “ local  ” indicates  Boston  forecasts. 


EXPLANATION  OF  PLATES. 


Fig.  1. — Represents  mean  yearly  barometric  pressure  at  Amherst, 
1837-92. 

2.  — Represents  mean  temperature  of  June,  July  and  August, 

1836-92. 

3.  — Represents  mean  temperature  of  December,  January  and 

February,  1836-92. 

4.  — Represents  mean  yearly  temperature,  1837-92. 

5.  — Represents  mean  snowfall,  in  feet,  1840-92. 

6.  — Represents  mean  rainfall,  in  inches,  1836-92. 
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Fig. 2.  Mean  temperature  summer  months.  1836  * 1892. 


Fig  3.  Mean  temperature  winter  months,  1836  - 1892- 


Fig. -4.  Mean  yearly  temperature.  1836  "1892 


50° 


40° 


Fig  5.  Snowfall  m feet.  1840"  >892. 


60in 


50  in. 


40. 
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Fig  6 Rainfall  in  inches.  1836  “1892 
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Relation  of  Climate  to  Health. 

The  relation  of  climate  to  health  and  disease  is  attracting  the 
attention  of  scientific  minds.  Large  numbers  of  statistics  are 
being  collected  for  the  purpose  of  discovering  the  exact  bearing 
that  temperature,  relative  humidity  and  different  electrical  condi- 
tions of  the  atmosphere  have  upon  the  health  and  mortality  of  the 
people.  That  a direct  relation  exists,  all  who  have  investigated 
the  subject  admit.  Much  time  has  been  spent  by  this  division  in 
collecting  and  comparing  statistics,  with  a view  of  aiding  in  this 
important  undertaking.  While  the  work  has  not  progressed  suffi- 
ciently to  warrant  a lengthy  article  on  the  subject,  still  we  deem  it 
proper  to  present  at  this  time  a few  summary  results. 

The  curve  of  mortality  has  an  inverse  relation  to  temperature. 
In  some  climates,  however,  the  curve  of  mortality  and  tempera- 
ture are  directly  related,  rising  and  falling  together. 

Fevers  seem  to  be  related  to  high  temperature,  and  generally 
follow  it. 

The  absolute  humidity  curve  almost  always  follows  that  of 
cholera  infantum  and  cholera  morbus. 

Pneumonia  and  diphtheria,  small-pox,  scarlet-fever  and  con- 
sumption, invariably  increase  as  the  temperature  falls. 

“ La  Grippe  ” is  thought  to  be  the  direct  result  of  natural  atmos- 
pheric conditions,  chiefly  a high  followed  by  a sudden  change  to 
low  temperature. 

From  careful  observation  it  seems  that  there  is  a close  connec- 
tion between  ozone  at  low  temperature  and  deaths  from  pneumonia. 
The  ozone  and  cholera  curves  are  inverse  to  each  other,  as  also  the 
ozone  and  intermittent  fever  curves. 
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TREASURER’S  REPORT. 


Annual  Statement  of  the  Hatch  Fund. 
For  the  Year  ending  June  30,  1892. 


By  George  F.  Mills,  Treasurer  pro  tem. 


Cash  received  from  the  United  States, 

. 

$15,000  00 

from  agricultural  department, 

76  11 

from  chemical  department,  . 

27  78 
$15,103  89 

Cash  paid,  salaries, 

$7,914  13 

library, 

140  62 

labor,  ...... 

1,618  59 

freight  and  express, 

71  29 

printing, 

1,790  98 

incidentals, 

947  34 

supplies, 

1,915  26 

general  fittings,  .... 

301  33 

chemical  apparatus, 

285  07 

postage, 

52  09 

travelling  expenses, 

67  19 

$15,103  89 

Amherst,  Mass.,  July  28,  1892. 

I,  the  undersigned,  duly  appointed  auditor  for  the  corporation,  do 
hereby  certify  that  I have  examined  the  books  and  accounts  of  the  Hatch 
Experiment  Station  of  the  Massachusetts  Agricultural  College  for  the 
fiscal  year  ending  June  30,  1892,  and  have  found  the  same  well  kept  and 
correctly  classified  as  above,  and  that  the  receipts  for  time  named  are 
shown  to  be  $15,103.89,  and  the  corresponding  disbursements  $15,103.89. 
All  of  the  proper  vouchers  are  on  file,  and  have  been  by  me  examined 
and  found  correct,  there  being  no  balance  to  be  accounted  for  in  the 
fiscal  year  ending  June  30,  1892. 

J.  H.  Demond,  Auditor. 


Cash  received  on  insurance  fund,  Hatch  Agricultural  build- 
ing,   * . $1,845  37 

Cash  received  for  interest,  . 21  47 


$1,866  84 

Cash  paid  for  rebuilding, $1,866  84 
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July  28,  1892. 

This  is  to  certify  that  I have  this  day  examined  the  accounts  of  cash 
received  and  paid  in  money  received  for  insurance  on  Hatch  agricultural 
building,  and  find  that  the  sum  of  $1,866.84  has  been  expended,  that  the 
proper  vouchers  are  on  file,  and  that  there  is  no  balance  to  be  accounted 
for.  J.  H.  Demond,  Auditor. 


I hereby  certify  that  the  foregoing  is  a true  copy  from  the  books  of 
account  of  the  Hatch  Experiment  Station  of  the  Massachusetts  Agricult- 
ural College.  George  F.  Mills,  Treasurer  pro  iem. 


I hereby  certify  that  George  F.  Mills  is  the  treasurer  pro  tern  of  the 
Massachusetts  Agricultural  College,  and  that  the  above  is  his  signature. 
[seal.]  Henry  H.  Goodell, 

President  Massachusetts  Agricultural  College. 
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Equipment. 

Large  additions  have  been  made  during  the  year  to  the 
equipment  of  every  department.  Twenty  thousand  dollars 
have  been  made  available  for  this  purpose  under  the  recent 
grant  of  Congress,  entitled  the  Morrill  act.  The  veterinary 
department  has  been  thoroughly  equipped  with  working 
models  of  the  horse,  and  the  principal  parts  of  the  body,  as 
the  head,  leg,  uterus,  jaws  and  teeth.  A small  laboratory 
has  been  likewise  fitted  up  with  microscope,  culture  ovens 
and  sterilizers  for  the  study  of  germ  diseases.  In  the  zoolog- 
ical department  has  been  placed  a fine  collection  of  mounted 
animals,  clastic  models,  diagrams  and  charts,  showing  the 
operations  of  life  throughout  the  entire  animal  kingdom. 
This  is  intended  to  illustrate  particularly  the  difference  in 
structure  of  the  various  organs  of  the  body,  and  their  uses. 
The  chemical  department  has  received  an  entirely  new  outfit, 
and  that  of  physics  has  been  equipped  with  apparatus  nec- 
essary for  the  study  of  electricity.  To  the  library  large 
additions  have  been  made,  particularly  in  the  departments 
of  political  economy,  agriculture,  zoology  and  chemistry. 
In  the  agricultural  department  a beginning  has  been  made 
of  an  economic  museum,  and  implements  and  apparatus  of 
all  kinds  have  been  collected,  in  the  effort  to  represent  a 
history  of  agricultural  machinery.  A collection  of  soils  has 
been  made,  and  samples  are  being  gathered  of  all  the  arti- 
ficial and  commercial  fertilizers  used  in  the  State.  A 
museum  of  the  kind  contemplated,  bringing  together  under 
one  roof  everything  bearing  upon  agriculture  and  its  history 
and  progress,  demands  a building  specially  constructed  and 
adapted  to  its  purpose,  in  which  shall  be  combined  the 
museums  of  the  departments  of  agriculture,  zoology  and 
veterinary  science,  and  in  which  space  shall  be  found  for 
lecture  rooms  and  laboratories.  This  must  be  included  in 
the  immediate  wants  of  the  college. 

The  Labor  Fund. 

This  fund  was  established  by  the  Legislature  in  1888.  Its 
object  is  to  assist  worthy  young  men  of  limited  means  to 
procure  an  education  by  furnishing  them  work,  for  which  a 
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reasonable  compensation  is  paid.  Since  its  establishment 
over  one  hundred  and  fifty  young  men  have  been  aided,  and 
twenty  thousand  dollars  have  been  paid  out  for  work  which 
has  been  in  the  direct  line  of  their  studies,  and  which  has 
at  the  same  time  materially  contributed  to  the  improvement 
of  the  college  grounds.  Among  other  improvements  may 
be  mentioned  the  laying  of  nine  or  ten  miles  of  drain  pipe, 
and  the  undertaking  of  work  in  the  horticultural  department 
made  possible  only  by  this  wise  provision  of  the  General 
Court.  With  numbers  that  have  increased  forty-five  per 
cent,  since  the  creation  of  the  fund,  this  appropriation  of  five 
thousand  dollars  per  annum  proves  entirely  inadequate. 
Applications  for  work  exceed  the  supply,  and  already 
students  have  been  compelled  to  leave  for  lack  of  the 
very  work  wdiich  alone  enabled  them  to  stay  and  complete 
their  education.  Can  the  great  State  of  Massachusetts,  a 
State  which  has  always  led  the  way  in  all  questions  of  edu- 
cation, afford  to  continue  this  policy?  The  great  demand 
to-day  is  for  educated  men.  Is  not  this  the  cheapest  way  in 
which  she  can  supply  it,  — by  increasing  this  gift,  which 
makes  a direct  return  to  her  in  the  enhanced  value  of  her 
property,  and  a still  greater  return  in  the  education  of  her 
sons  into  a more  perfect  manhood. 


Course  of  Study. 

The  increased  endowment  of  the  college,  under  the  pro- 
visions of  an  act  of  Congress,  Public,  No.  249,  approved 
Aug.  30,  1890,  and  entitled,  “An  Act  to  apply  a portion 
of  the  proceeds  of  the  public  lands  to  the  more  complete 
endowment  and  support  of  the  colleges  for  the  benefit  of 
agriculture  and  the  mechanic  arts,  established  under  the 
provisions  of  an  act  of  Congress,  approved  July  2,  1862,” 
makes  it  possible  to  raise  the  standard  of  admission  and  offer 
additional  courses.  The  trustees  therefore  recommend  to 
His  Excellency  the  Governor  and  honorable  Council  the 
adoption  of  the  following  outline  of  study  : — 

First.  The  establishment  of  three  courses  of  study,  to 
wit : (a)  A two  years’  course,  leading  to  a simple  diploma. 

This  is  intended  for  those  of  limited  means,  unable  to  take 
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the  full  course,  but  who  desire  to  secure  a certain  amount 
of  practical  instruction  bearing  upon  the  work  of  the  farm 
and  the  garden.  It  is  also  intended  as  a preparation  for 
those  wishing  to  enter  the  longer  course.  ( b ) A four  years’ 
course,  leading  to  the  degree  of  Bachelor  of  Science,  (c)  A 
graduate  course  of  two  years,  leading  to  the  degree  of 
Master  of  Science. 

Second,  (a)  The  requirements  for  entrance  to  the  two 
years’  course  shall  be  English  grammar,  geography,  arith- 
metic and  history  of  the  United  States ; the  age,  fifteen 
years.  ( b ) The  requirements  for  entrance  to  the  four 
years’  course  shall  be  English  grammar,  geography,  history 
of  the  United  States,  arithmetic,  algebra  through  quadratics, 
geometry  (two  books),  physical  geography,  physiology, 
civil  government  and  Latin  (the  grammar  and  ten  chapters 
of  the  first  book  of  Csesar)  ; age,  sixteen  years,  (c)  Can- 
didates for  the  degree  of  Master  of  Science  in  the  graduate 
course  must  have  first  received  that  of  Bachelor  of  Science, 
or  its  equivalent. 

Third.  Making  elective  the  studies  of  senior  year  in  the 
full  course,  with  the  exception  of  English  and  military 
science. 

Fourth.  Adding  to  the  courses  as  already  laid  down 
those  of  electricity,  forestry,  cryptogamic  botany,  entomology 
and  German. 

To  provide  for  giving  instruction  in  these  several  courses, 
sensible  additions  must  be  made  to  the  teaching  force.  This 
will  be  possible  by  the  increased  endowment  of  the  main- 
tenance fund  of  the  college  granted  by  Congressional  action, 
and  which  by  a wise  provision  can  only  be  spent  in  instruc- 
tion and  supplying  facilities  therefor. 

Course  of  Home  Reading. 

The  increase  in  the  number  of  various  associations  among 
the  farmers  of  the  State  has  created  a demand  for  a list  of 
good  books  for  home  reading,  on  the  subjects  of  agriculture, 
botany,  horticulture,  entomology  and  political  science,  — 
books  adapted  to  the  taste  and  ability  of  the  average  reader, 
whose  time  and  strength  are  limited,  and  yet  who  wishes  to 
fit  himself  to  understand  and  to  participate  in  such  discus- 
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sions  as  arise  from  time  to  time  on  topics  of  great  importance 
to  success  in  his  chosen  occupations.  In  response  to  this 
demand  the  following  courses  of  reading  are  recommended. 

Agriculture : — 

Morrow  and  Hunt,  Soils  and  Crops. 

Chamberlain,  Practical  Drainage. 

Warrington,  The  Chemistry  of  the  Farm. 

Masters,  Plant  Life  on  the  Farm. 

Harris,  Talks  on  Manures. 

Gregory,  Fertilizers. 

Live  Stock  and  Dairy : — 

Curtis,  Horses,  Cattle,  Sheep  and  Swine. 

Sanders,  Horse  Breeding. 

Flint,  Milch  Cows  and  Dairy  Farming. 

Stewart,  Dairyman’s  Manual. 

Wallace,  Farm  Live  Stock. 

Botany:  — 

Wood,  Fourteen  Weeks  in  Botany. 

Newell,  Reader  in  Botany. 

Bailey,  Talks  Afield. 

Horticulture : — 

Fuller,  Small  Fruit  Culture. 

Maynard,  Practical  Fruit  Grower. 

Market  Gardening : — 

Henderson,  Gardening  for  Profit. 

Greiner,  How  to  make  the  Garden  pay. 

Entomology : — 

Weed,  Insects  and  Insecticides. 

Treat,  Injurious  Insects  of  Farm  and  Garden. 

Political  Economy:  — 

Ely,  Political  Economy  (Chautauqua  series). 

Walker,  Political  Economy  (briefer  course). 

Meteorology : — 

Johnson,  Sunshine. 

Lewis,  Air  and  Water. 

Sewage. 

The  sewage  from  the  college  dormitories  has  never  been 
properly  cared  for.  When  the  south  dormitory  was  erected, 
the  money  appropriated  by  the  State  having  been  exhausted, 
the  sewage  was  simply  conveyed  to  a point  but  a few  hun- 
dred feet  distant,  and  allowed  to  discharge  into  a ravine. 
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Aside  from  the  folly  of  wasting  so  much  excellent  fertilizer, 
material,  there  is  the  danger,  increasing  each  year,  of  the 
ravine  becoming  a hot-bed  of  disease,  and  spreading  con- 
tagion and  sickness  among  the  students.  The  present  outlet 
of  the  town  sewer  is  so  near  the  southern  boundary  of  the 
farm  as  to  threaten  to  become  a nuisance.  For  the  sake  of 
securing  a means  of  illustrating  to  our  students  and  the 
people  of  the  State  the  advantages  of  this  method  of  disposal 
and  utilization  of  sewage,  we  ask  for  an  appropriation  for 
the  purpose  of  constructing  settling  tanks,  flushing  basins, 
filter  beds,  etc.,  and  purchasing  the  proper  drainage  pipes, 
siphons  and  gates.  Considerations  of  health,  economy  and 
education  alike  demand  this. 


Gifts. 

From  estate  of  T.  O.  H.  P.  Burnham  of  Boston,  a legacy  of  five 
thousand  dollars. 

The  class  of  1892,  a tower  clock. 

Mr.  J.  Howe  Demond  of  Northampton,  a bell  and  striking 
apparatus. 

J.  M.  Sears,  Esq.,  of  Boston,  a pair  of  Tamworth  pigs. 

Mr.  James  Draper  of  Worcester,  a No.  1 imperial  lawn 
vase. 

The  Walter  A.  Wood  Company  of  Hoosick  Falls,  N.  Y., 
a tubular  steel  mower. 

Syracuse  Chilled  Plough  Company  of  Syracuse,  N.  Y., 
ten  ploughs,  two  cultivators,  one  harrow. 

E.  L.  Hill  of  West  Upton,  a milk  aerator. 

The  Champion  Milk  Cooler  Company  of  Cortland,  N.  Y., 
a champion  milk  cooler. 

The  Western  Alumni  Association,  rhetorical  prizes  for 
1893. 

C.  D.  Warner  (M.  A.  C.,  ’81)  of  Amherst,  mathematical 
prize  for  1893. 

Lieut.  John  Bigelow  of  the  United  States  Army,  “ Prin- 
ciples of  strategy.” 

Chas.  F.  Smith  of  Amherst,  thirteen  volumes  State  docu- 
ments. 

Fred.  Boettger  of  Peoria,  111.,  Flora  Peoriana. 

Edgar  H.  Libby  (M.  A.  C.,  ’74)  of  New  York  City,  two 
volumes  miscellaneous. 
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From  Hon.  Fredk.  S.  Coolidge  of  Askburnham,  nine  volumes 
government  documents. 

Chas.  H.  Fernald  of  Amherst,  “ List  of  Lepidoptera  of 
boreal  America.” 

Chas.  H.  Plumb  (M.  A.  C.,  ’82)  of  Lafayette,  Ind.,  four 
volumes  miscellaneous. 

Hon.  Jos.  E.  Pond  of  North  Attleborough,  eight  volumes 
bee  journals. 

L.  A.  Goodman  of  Westport,  Mo.,  seven  volumes  “ Trans- 
actions of  Missouri  Horticultural  Society.” 

Maj.  Henry  E.  Alvord  of  Washington,  D.  C.,  “ Butter 
tests  of  registered  Jersey  cows.” 

Hon.  Chas.  Whitehead  of  London,  Eng.,  “ Methods  of 
preventing  attacks  of  insects  and  fungi ; diamond-back 
moth  caterpillar.” 

Dr.  T.  Mitchell  Prudden  of  New  York  City,  “ Study  on 
the  action  of  dead  bacteria,  in  the  living  body  ; study  of 
experimental  pneumonitis  in  the  rabbit ; drinking  water 
and  ice  supplies.” 

Carpenter  & Morehouse,  bound  volume  of  “Amherst 
Record,”  1891. 

Mr.  H.  Heaton  of  Amherst,  four  volumes  “ Battles  and 
leaders  of  the  civil  war.” 

Robert  Warington  of  England,  “ Occasional  papers  on 
agricultural  chemistry.” 

Austin  Peters  (M.  A.  C., ’81)  of  Boston,  “Rabies:  its 
prevalence  and  suppression.” 

Miss  Eleanor  A.  Ormerod  of  Spring  Grove,  England, 
“ Observations  of  injurious  insects.” 

Hon.  Jas.  S.  Grinnell  of  Greenfield,  “History  of  sheep 
husbandry  in  Massachusetts.” 

Dr.  Daniel  Draper  of  New  York  City,  “ Report  of  New 
York  Meteorological  Observatory,  1892.” 

Hon.  Francis  H.  Appleton  of  Lynnfield,  “ Centennial  year 
of  Massachusetts  Society  for  Promoting  Agriculture.” 
James  E.  Humphrey  of  Amherst,  “Amherst  trees.” 

Thos.  B.  Wales  of  Boston,  ten  volumes  of  Ilolstein- 
Friesian  herd  book. 

John  F.  Winchester  (M.  A.  C.,  ’75)  of  Lawrence, 
“ Strongylus  armatus.” 

Ed.  Norton  of  Farmington,  Conn.,  third  volume  of  “ Herd 
Register  of  American  Guernsey  Cattle.” 

Royal  Society  of  Canada,  eighth  and  ninth  volumes  of 
“ Transactions.” 
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Also  the  following  papers  and  periodicals  from  the  pub- 
lishers : “ The  Massachusetts  Ploughman,”  “ The  American 
Cultivator,”  “ The  New  England  Farmer,”  “ The  American 
Veterinary  Review,”  “ The  American  Garden,”  “ The  Poul- 
try Monthly,”  • “ The  Mirror  and  Farmer,”  “The  American 
Grange  Bulletin,”  “ The  Farm  and  Home,”  “ The  Berkshire 
Courier,”  “ The  Home  Farm,”  “ The  Ohio  Practical  Farmer,” 
“The  Orange  Judd  Farmer,”  “The  New  England  Home- 
stead,” “ The  Swine  Breeder’s  Journal.” 

In  conclusion,  briefly  summing  up  the  immediate  neces- 
sities of  the  college,  we  find  them  to  be  : new  accommodations 
in  the  chemical  department,  disposal  of  sewage,  new  barn, 
dairy,  ice  house  and  removal  of  old  farm  buildings. 

Respectfully  submitted, 

HENRY  H.  GOODELL, 

President. 
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TREASURER’S  REPORT. 


George  F.  Mills,  Treasurer  pro  tern,  of  Massachusetts  Agricult- 
ural College , for  the  Year  ending  Dec.  31,  1892.. 


Received. 

Paid. 

Cash  on  hand,  ...... 

$2,986  99 

Term  bill, 

5,8u2  95 

$1,595  31 

Botanical, 

4,813  92 

5,474  82 

Farm,  . . . . . 

4,828  71 

7,800  40 

Expense, 

427  10 

8,079  10 

Laboratory, 

999  63 

443  87 

Salary, 

225  00 

12,383  55 

Library  fund, 

341  96 

341  96 

Endowment  fund, 

11,425  87 

- 

State  scholarship  fund,  .... 

15,000  00 

- 

Hills  fund, 

8,658  86 

8,480  08 

Grinnell  prize  fund, 

52  50 

40  00 

Whiting  Street  fund, 

51  15 

160  00 

Mary  Robinson  fund, 

868  14 

880  00 

Gassett  fund, 

42  94 

- 

Extra  instruction,  ..... 

43  50 

343  50 

Labor  fund, 

5,018  00 

6,465  92 

Insurance, 

_ 

159  66 

Reading  room,  

- 

134  05 

Advertising, 

- 

241  69 

Special  appropriation,  Bangs  property,  . 

- 

2,525  00 

Special  appropriation,  dam, 

- 

995  91 

Cash  on  hand  Dec.  31,  1892, 

- 

5,042  32 

$61,587  22 

$61,587  22 

Cash  Balance,  as  shown  by  the  Treasurer’s  Statement,  belongs 
to  the  Following  Accounts. 


Grinnell  prize  fund, $32  50 

Mary  Robinson  fund, 176  32 

Hills  fund, 196  31 

Whiting  Street  fund, 54  91 

Gassett  fund, 44  70 

General  fund  of  college,  .....  . 4,537  58 


$5,042  32 
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Cash  and  Bills  Receivable  Dec.  31,  1892. 

Farm, 

$500  45 

Term  bills, 

596  66 

Laboratory, 

192  63 

Botauical, 

877  71 

Labor  fund, 

1,313  36 

Cash  on  hand  of  general  fund, 

4,537  58 

Bills  Payable  Dec.  31, 

1892. 

$8,018  39 

Expense, 

$21  41 

Farm, 

1,305  62 

Labor  fund, 

86  76 

Term  bill  account, 

134  80 

Value  of  Real  Estate. 

$1,548  59 

Land. 

College  farm, 

Cost. 

$37,000  00 

Pelham  quarry, 

500  00 

Bangs  property, 

2,525  00 

Buildings. 

Laboratory, 

Cost. 

$10,360  00 

$40,025  00 

Botanic  museum, 

5,180  00 

Botanic  barn, 

1,500  00 

Durfee  plant  house  and  fixtures, . 

12,000  00 

Small  plant  house  and  fixtures,  . 

3,000  00 

Tool  house, 

2,000  00 

North  college, 

36,000  00 

Boarding-house, 

8,000  00 

South  dormitory, 

37,000  00 

Graves  house  and  barn,  .... 

8,000  00 

Farm  house, 

4,000  00 

Farm  barns  and  sheds,  .... 

14,500  00 

Stone  chapel, 

31,000  00 

Drill  hall, 

6,500  00 

President’s  house, 

11,500  00 

Four  dwelling-houses  and  shed  purchased 
with  farm, 

10,000  00 

— 

200,540  00 

$240,565  00 
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Inventory  of  Personal  Property. 


Botanical  department, 

$9,672  05 

Farm, 

17,723  50 

Laboratory, 

2,777  00 

Natural  history  collection, 

4,388  79 

Veterinary  department, 

1,443  39 

Agricultural  department, 

1,290  00 

Physics, 

3,587  26 

Library,  

12,000  00 

Fire  apparatus, 

500  00 

Boarding-house, 

350  00 

Books  and  furniture  in  treasurer’s  office,  . 

479  74 

$54,211  73 

Summary  Statement. 

Ossete. 

Total  value  real  estate,  per  inventory. 

. $240,565  00 

Total  value  personal  property,  per  inventory,  . 

54,211  73 

Total  cash  on  hand  and  bills  receivable,  per  inventory, 

8,018  39 

$302,795  12 

Liabilities. 

Bills  payable,  as  per  inventory, 

1,548  59 

$301,216  53 

Funds  for  Maintenance  of  College. 


Technical  educational  fund,  United  States 

grant,  amount, $219,000  00 

Technical  educational  fund,  State  grant,  . 141,575  35 

By  law  two-thirds  of  the  income  is  paid  to  the  treasurer  of 
the  college,  and  one-third  to  Institute  of  Technology. 
Amount  received  in  1892,  . . . 

State  scholarship  fund,  $10,000.  This  sum  was  appro- 
priated by  the  Legislature  in  1886,  and  is  paid  in 
quarterly  payments  to  the  college  treasurer,  . 

Hills  fund  of  $8,542  in  hands  of  the  college  treasurer. 
This  was  given  by  Messrs.  L.  M.  and  H.  F.  Hills  of 
Amherst.  By  the  conditions  of  the  gift  the  income  is  to 
be  used  for  the  maintenance  of  a botanic  garden.  Income 

in  1892, 

Annual  State  appropriation  of  $10,000.  This  sum  was 
appropriated  by  the  Legislature  of  1889,  for  four  years, 
for  the  endowment  of  additional  chairs  and  for  general 
expense.  Five  thousand  dollars  of  the  sum  was  appro- 
priated as  Labor  Fund,  to  provide  for  payment  for  labor 
performed  by  needy  and  worthy  students.  The  Legis- 
lature of  1892  continued  the  appropriation  for  another 
four  years, 


$11,425  87 
10,000  00 


478  86 


10,000  00 


Amount  carried  forward, 


$31,904  73 
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Amount  brought  forward $31,904  73 


Grinnell  prize  fund  of  $1,000,  in  hands  of  college  treas- 
urer. Gift  of  Ex-Gov.  William  Claflin,  and  called 
Grinnell  Fund  in  honor  of  his  friend.  The  income  is 
appropriated  for  two  prizes,  to  be  given  to  the  two 
members  of  the  graduating  class  who  pass  the  best  ex- 
aminations in  agriculture.  Income  in  1892,  . 

Mary  Robinson  fund,  in  hands  of  college  treasurer,  given 
without  conditions.  The  income  has  been  appropriated 
for  scholarships  to  worthy  and  needy  students.  Income 

in  1892, 

Whiting  Street  fund,  of  $1,000,  a bequest  without  con- 
ditions. To  this  sum  was  ad. led  $_60  by  vote  of  the 
trustees  in  January,  1887,  it  being  the  interest  accrued 
on  the  bequest.  Amount  of  fund  Dec.  31,  1892,  $1,260. 

Income  in  1892, 

Library  fund,  for  use  of  the  library,  $8,303.99.  Deposited 
in  Amherst  Savings  Bank. 

Gassett  scholarship  fund  ; the  sum  of  $1,000  was  given  by 
the  Hon.  Henry  Gassett  as  a scholarship  fund.  In- 
come in  1892, 


52  50 


48  14 


51  15 


42  94 


Total, 


$32,099  46 


To  this  sum  must  be  added  amount  of  tuition,  room  rent,  receipts 
from  sales  of  farm  and  botanic  gardens ; amount  of  same  can  be  learned 
from  statement  of  treasurer,  turnon  and  room  rent  being  included  in 
term  bill. 

This  is  to  certify  that  I have  this  day  examined  the  accounts  of  George 
F.  Mills,  treasurer  pro  tern,  of  the  Massachusetts  Agricultural  College, 
from  Jan.  1,  1892,  to  Jan.  1,  1893,  and  find  the  same  correct,  properly 
kept  and  vouched  for,  the  balance  in  treasury  being  five  thousand  and 
forty-two  and  T352ff  dollars  ($5,042.32),  which  sum  is  shown  to  be  in  the 
bank. 


Chas.  A.  Gleason,  Auditor. 
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FAEM  EEPOET. 


The  past  year  has  been  one  of  unusual  prosperity  on  the  farm. 
The  area  under  cultivation  has  been  somewhat  greater  than  last 
year,  having  been  increased  by  the  continued  process  of  clearing 
of  stumps  and  drainage  wherever  required. 

The  aggregate  value  of  the  crops  of  the  farm  for  the  past  year, 
exclusive  of  those  used  for  soiling,  has  amounted  to  $5,934.  The 
various  forage  crops  which  furnished  green  fodder  for  our  cows 
gave  an  aggregate  yield  of  242  tons,  which  must  have  been  wTorth 
an  average  of  $3  per  ton ; a total  value,  therefore,  of  $726,  which 
•raises  the  aggregate  value  of  the  crops  produced  to  $6,660,  — an 
increase  over  the  crops  of  last  year  of  about  $550,  and,  as  compared 
with  the  crops  of  1890,  of  $1,750. 

The  receipts  of  the  year  for  sales  and  work  done  by  teams  and 
men  have  amounted  to  $5,983.13  ; those  of  last  year  amounted  to 
$5,030.09.  The  receipts  of  this  year,  then,  exceed  those  of  last 
year  by  rather  over  $950.  We  now  have  on  hand  for  sale  six 
hundred  bushels  of  potatoes,  at  least  sixty  tons  of  hay  and  five 
hundred  bushels  of  corn.  We  have,  moreover,  a liberal  supply  of 
forage,  roots  and  silage  for  our  large  stock  of  cattle,  and  are 
monthly  making  not  less  than  $260  worth  of  cream.  The  chief 
receipts  for  the  past  year  were  for  thb  following  items  : — 


Milk,  cream  and  calves,  . 

$2,697  31 

Potatoes, 

331  65 

Sheep,  lambs  and  wool,  . 

556  20 

Piofs  and  hogs. 

252  12 

Beef  and  dry  cows,  . 

143  51 

Squashes,  .... 

166  00 

Hay, 

80  13 

Labor  of  men  and  teams, 

373  75 

Percheron  colt, 

275  00 

Total,  .... 

$4,875  70 

The  number  of  acres  in  the  various  crops  of  the  farms  was  as 
follows:  hay,  75;  field  corn,  17£;  corn  for  fodder  and  for  the 
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silo,  17  ; potatoes,  10;  mangolds,  4;  Swedes,  \ ; carrots,  £ ; soya 
beans,  2 ; squashes,  2 ; millet,  2 ; rye,  5 ; oats  and  vetches,  4 ; 
barley  and  pease,  5;  oats,  for  hay,  3£, — a total  of  148  acres, 
or,  deducting  land  which  produced  two  crops,  137  acres. 

A large  proportion  of  our  old  mowings  are  generally  top-dressed 
with  manure,  and  most  of  the  balance  with  fertilizers.  In  pro- 
viding for  our  other  crops,  our  general  plan  has  been  to  use  both 
manure  and  fertilizer  for  each.  The  land  is  almost  invariably 
ploughed  in  fall,  and  the  manure  is  spread  upon  the  surface  during 
winter  and  spring  about  as  soon  as  it  is  made.  In  the  case  of  sod 
land  the  soil  is  prepared  for  seed  in  spring  by  the  use  of  the  wheel 
and  acme  harrows.  Old  land  is  reploughed  lightly  in  spring. 
Fertilizers  are  for  the  most  part  spread  broadcast  just  before 
planting,  and  harrowed  in ; for  corn  and  potatoes  a part  is  put  in 
the  drill  at  the  time  of  planting.  In  the  selection  of  fertilizers, 
our  general  plan  has  been  to  buy  materials  and  make  our  own 
mixtures.  The  particular  articles  used  may  vary  from  year  to  year, 
according  to  the  markets.  Our  aim  is  to  buy  needed  plant  food 
at  lowest  prices.  A part  of  our  nitrogen  we  generally  look  for  in 
nitrate  of  soda,  which  acts  more  promptly  than  any  other  nitrog- 
enous fertilizer.  The  balance  we  may  get  in  dry  ground  fish, 
dried  blood  or  bone  meal.  For  our  general  crops,  we  take  potash 
in  the  form  of  muriate,  but  for  potatoes  select  the  sulphate.  Our 
phosphoric  acid  for  immediate  use  we  get  in  plain  superphosphate  ; 
but  to  feed  the  crop  later  in  the  season  and  in  subsequent  years 
we  may  take  bone  meal,  dry  ground  fish  or  tankage. 

The  crops  of  the  year  have  been  generally  good,  though  neither 
hay  nor  potatoes  gave  a heavy  yield.  The  fruit  of  the  policy  of 
carrying  a larger  stock  of  cattle  for  the  consumption  on  the  farm 
of  the  bulk  of  its  products,  which  was  inaugurated  two  years  ago, 
has  already  become  evident  in  increased  productive  capacity.  This 
policy,  combined  with  a system  of  progressive  improvement 
chiefly  by  drainage  of  the  parts  of  our  farm  still  needing  it,  must, 
in  a few  years,  still  further  largely  increase  the  annual  value  of 
our  products. 

Hay.  — About  one-half  of  the  seventy-five  acres  cut  for  hay  lies 
about  and  in  front  of  the  college  buildings,  and  has  been  in  grass 
seven  or  eight  years  or  more.  The  prevailing  species  is  Kentucky 
blue-grass,  which  has  gradually  taken  the  place  of  timothy  and 
red-top.  The  blue-grass  is  so  badly  injured  by  the  attack  of  a 
maggot  which  works  in  the  stem,  and  which  we  are  unable  to  repel, 
that  the  yield  of  hay  is  never  satisfactory  here.  This  variety  is  a 
fine  grass  for  pastures  or  lawns,  but  not  for  mowings.  The  large 
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proportion  of  mowing  of  this  character  accounts  in  a great  measure 
for  our  comparatively  light  hay  crop ; but  another  cause  for  the 
seemingly  low  yield  is  found  in  the  fact  that  some  sixteen  acres 
after  being  cut  early  were  used  for  pasture  the  balance  of  the 
season.  This  portion  is  land  which  has  already  been  ploughed  or 
which  will  be  ploughed  next  season  after  further  pasturage.  It 
would  have  yielded  a considerable  crop  of  rowen.  Our  yield  of 
hay  this  year  was  : first  crop,  120  tons  ; second  crop,  40  tons,  — a 
total  of  160  tons,  or  a little  more  than  two  tons  per  acre. 

As  it  is  the  policy  to  keep  the  land  about  and  in  front  of  the 
buildings  permanently  in  grass,  an  effort  will  be  made  to  increase 
its  productiveness  by  occasionally  ploughing  and  reseeding.  Ten 
acres  have  been  thus  treated  during  the  past  season. 

Corn.  — Our  corn  was  all  grown  in  one  field  of  thirty-four  and 
one-half  acres.  The  varieties  were  : Pride  of  the  North,  seventeen 
and  one-half  acres;  Longfellow,  fifteen  acres;  Learning  and 
Southern  White,  one  acre  each.  The  first  was  field-cured,  as  also 
were  four  acres  of  the  Longfellow.  The  crop  was  fourteen 
hundred  bushels  of  grain  of  splendid  quality,  an  average  of  rather 
over  sixty-five  bushels  of  shelled  corn  to  the  acre.  The  yield  was 
considerably  reduced  in  some  parts  of  the  field  by  wire  worms, 
which  thinned  the  crop  seriously.  Where  not  so  thinned,  and 
especially  on  that  part  of  the  field  thoroughly  tile-drained,  the 
yield  was  heavy. 

A half-acre  of  each  of  the  two  varieties,  Longfellow  and  Pride 
of  the  North,  was  harvested  separately,  for  the  purpose  of  com- 
paring the  two  kinds.  The  Longfellow  was  husked  earlier  than  the 
other,  but  the  shrinkage  in  drying  was  carefully  determined.  One 
hundred  and  fifty  pounds  of  corn  in  the  ear  of  each  variety  was 
thoroughly  air-dried  and  then  shelled,  and  from  the  results  thus 
obtained  the  yields  of  corn  have  been  computed : — 

Weights  at  Time  of  Husking. 

Longfellow,  . . stover,  3,700  pounds;  corn  in  ear,  3,020  pounds. 

Pride  of  the  North,.  stover,  3,350  pounds ; corn  in  ear,  3,100  pounds. 

Shrinkage  in  Drying  and  Shelling. 

Pride  of  the  North, 19  per  cent. 

Longfellow,  .......  34  per  cent. 

Yields  of  Grain. 

Longfellow,  . . 1,993  pounds,  or  35^  bushels,  from  one-half  an  acre. 

Pride  of  the  North,  . 2,511  pounds,  or  45  bushels,  from  one-half  an  acre. 
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Percentage  of  Cob. 

Longfellow, 19  per  cent. 

Pride  of  the  North, 16  per  cent. 

The  superiority  of  the  Pride  of  the  North  is  well  brought  out  by 
these  figures,  but  they  do  not  do  it  complete  justice.  The  weight 
of  stover,  it  will  be  seen,  was  greater  for  the  Longfellow.  It 
should  be  remembered  that  this  was  husked  earlier ; the  stover  was 
not  as  dry  as  was  the  other.  I have  no  doubt  the  dry  weight  of 
stover  was  greater  for  the  Pride  of  the  North,  but  no  moisture 
tests  were  made. 

Of  the  balance  of  the  field  the  crop  on  six  acres  was  fed  green. 
This  was  of  the  Longfellow  variety.  The  crop  from  about  seven 
acres,  five  of  the  Longfellow  variety  and  one  each  of  Learning  and 
Southern  White,  was  put  into  the  silos,  giving  a gross  yield,  as 
determined  by  measurement  in  the  silos,  of  one  hundred  and  fifty 
tons.  The  crop  from  one-half  an  acre  of  each  was  weighed  as 
hauled  with  the  following  results  : — 

Southern  White, 12  tons. 

Learning, 10^  tons. 

Longfellow, 7 tons. 


The  crops  were  carefully  sampled,  and  have  been  analyzed  with 
the  following  results  : — 


Southern 

White. 

(Per  Cent.) 

Learning. 

(PerCent.) 

Longfellow. 
(Per  Cent.) 

Moisture, 

85.18 

76.22 

72.19 

Dry  matter, 

14.82 

23.78 

27.81 

Analysis  of  Dry  Matter. 

Crude  ash, 

5.90 

6.78 

7.19 

Crude  fat, 

1.84 

2.86 

3.26 

Crude  protein, 

9.22 

1124 

9 79 

Crude  cellulose,  .... 

23.26 

21.87 

18.27 

Nitrogen-free  extract,  . . 

59.78 

57.25 

63.11 

Upon  these  analyses  as  a basis  we  find  by  calculation  that  the 
Southern  White  gave  a yield  which  contained  3,552  pounds  of  dry 
matter  to  the  half-acre ; the  Longfellow,  3,892  pounds ; and  the 
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Learning,  4,998  pounds.  The  last-named  variety,  then,  gave  a 
product  considerably  more  valuable  than  either  of  the  others,  pro- 
vided its  dry  matter  is  equal  in  composition  to  the  others.  Ex- 
amination shows  it  to  be  perhaps  the  most  valuable,  as  it  contains 
the  highest  percentage  of  protein  and  a lai;ge  percentage  of  fat. 
The  Longfellow  is  superior  in  composition  to  the  Southern  White, 
and,  as  it  excels  that  variety  in  yield  of  dry  matter  also,  there  can 
be  no  doubt  that  it  is  preferable. 

When  sampled,  the  Longfellow  corn  was  well  glazed  and 
beginning  to  dry ; the  Learning  was  quite  generally  in  the  dough ; 
while  most  of  the  ears  on  the  Southern  White  were  yet  not  fully 
grown. 

In  some  parts  of  our  field  the  yield  of  the  Longfellow  variety 
was  much  heavier  than  upon  the  half-acre  weighed.  The  rapidity 
with  which  our  silo  filled  is  the  evidenpe  of  this  ; and  calculation, 
based  upon  the  amount  of  fodder  in  our  silos  (allowing  it  to  weigh 
about  45  pounds  per  cubic  foot)  and  the  known  acreage,  show 
that  the  average  yield  of  the  Longfellow  variety  put  into  the  silo 
must  have  been  about  20  tons  per  acre,  which  would  equal  a yield 
of  5,560  pounds  of  dry  matter  per  half-acre.  This  places  the 
Longfellow  undoubtedly  ahead  of  the  Learning  as  a crop  for  the 
silo. 

The  silage  made  from  the  different  varieties  will  be  subjected  to 
analysis  and  will  be  used  in  feeding  experiments,  that  still  further 
light  may  be  thrown  upon  the  question  as  to  the  varieties  best  for 
the  silo. 


The  account  with  our  field  of  corn  is  as  follows  : — 
To  ploughing,  applying  fertilizers  and  harrowing,  . 

Dr. 

$154  00 

planting, 

23  80 

three-fourths  cost  of  fertilizers, 

185  00 

one-half  cost  140  cords  of  manure,  at  $4, 

280  00 

cultivation  and  hoeing,  .... 

126  50 

ensiling,  7 acres, 

90  00 

cutting  and  stooking,  21^  acres,  . 

50  00 

husking  2,800  baskets,  at  5 cents,  . 

140  00 

* 

By  85  tons  green  fodder,  at  $3,  . 

$1,049  30 
Cr. 

$255  00 

150  tons  silage,  at  $4, 

• • • 

600  00 

70  tons  stover,  at  $8, 

• , , 

' 560  00 

1,400  bushels  shelled  corn,  at  50  cents, . 

. 

700  00 

Balance  in  favor  of  crop, 

t » • 

$2,115  00 
$1,065  70 
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Twenty  acres  of  our  corn  land  was  in  grass  last  year,  six  acres 
pastured  throughout  the  season  with  sheep,  the  balance  once  mown 
and  then  pastured  the  remainder  of  the  season.  The  remainder  of 
the  field  was  in  corn  last  year,  and  this  part  was  seeded  to  grass 
in  the  standing  corn  in  August.  It  was  upon  this  part  of  the  field 
that  the  crop  for  green  fodder  and  for  the  silo  was  grown. 

All  parts  of  this  field  were  ploughed  in  the  fall  of  1891  and 
manured  at  the  rate  of  four  cords  per  acre.  The  part  in  field  corn 
received  in  addition  muriate  of  potash,  150  pounds ; fish  guano, 
200  pounds  ; plain  superphosphate,  150  pounds ; and  nitrate  of 
soda,  100  pounds  per  acre. 

The  fodder  and  silage  corn  received  per  acre  fertilizer  as 
follows  : muriate  of  potash,  125  pounds  ; fish  guano,  100  pounds  ; 
plain  superphosphate,  100  pounds  ; and  nitrate  of  soda,  100  pounds. 

Potatoes.  — This  crop  occupied  a field  of  ten  acres,  one  acre 
being  land  newly  cleared  of  stumps ; the  balance,  last  year  in 
fodder  crops,  first  rye,  later  barley  and  pease,  and  oats  and  pease, 
the  crops  following  the  rye  manured,  the  rye  receiving  only  a light 
spring  dressing  of  nitrate  of  soda,  fish  guano  and  muriate  of 
potash.  The  crop  this  year  received  fertilizer  at  the  following 
rates  per  acre : sulphate  of  potash,  200  pounds;  superphosphate, 
200  pounds  ; bone  meal,  200  pounds  ; fish  guano,  200  pounds  ; 
and  nitrate  of  soda,  150  pounds.  These  were  mixed  and  two- 
thirds  applied  broadcast,  the  balance  in  the  drill.  The  Aspinwall 
planter  was  used,  and  put  in  both  seed  and  fertilizer  satisfactorily, 
though  some  difficulty  was  experienced  in  regulating  the  fertilizer 
attachment  so  as  to  distribute  just  the  desired  amount.  Frequent 
rains  made  it  difficult  to  destroy  the  bugs,  and  some  damage  was 
done.  There  was  no  rot,  and,  considering  the  generally  poor  crops 
this  year,  ours  was  fairly  satisfactory.  The  hot,  dry  weather  in 
July  no  doubt  seriously  lessened  the  yield.  In  digging  the  crop 
we  used  the  Hallock  potato  digger.  It  did  not  by  any  means 
bring  all  the  tubers  to  the  surface,  but  it  much  lessened  the  labor 
of  digging,  and  I think,  in  the  ten  acres,  paid  for  itself.  The 
standing  of  this  crop  is  shown  in  the  following  table : — 

430  bushels,  at  80  cents,  sold,  . . . $344  00 

600  bushels,  in  cellar,  at  85  cents,  . . 510  00 


$854  00 


Three-fourths  the  fertilizer  used, 
90  bushels  seed,  at  40  cents, 
Labor,  raising  and  harvesting,  . 


$93  45 
36  00 
160  25 


Balance  in  favor  of -crop*  . 


289  70 
$564  30 
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Beets.  — Four  acres  of  warm  alluvial  loam,  last  year  in  squashes 
and  potatoes,  raised  on  fertilizers,  were  devoted  to  fodder  beets. 
The  land  was  prepared  in  accordance  witli  our  usual  practice, 
manure  at  the  rate  of  5 cords,  and  100  pounds  fish  guano,  150 
pounds  muriate  of  potash,  150  pounds  nitrate  of  soda  and  200 
pounds  common  salt  per  acre  being  applied.  The  varieties  were 
Carter’s  Orange  Globe  three  acres,  and  Lane’s  American  Sugar 
one  acre.  The  seed  was  sown  April  24.  Some  transplanting  was 
required,  but  in  the  end  there  were  few  blank  spaces.  The  field 
proved  weedy,  and  the  labor  cost  was  high.  The  crop  amounted 
to  nearly  thirty  tons  per  acre.  The  financial  outcome  is  shown 
below  : — 


112  tons  beets,  at  $ 3, $336  00 

One-half  cost  manure,  20  cords,  at  $4,  . $40  00 

Three-fourths  cost  of  fertilizers,  . . 30  00 

Labor, 152  00 

222  00 

Balance  in  favor  of  crop, $114  00 


Squashes. — Two  acres  of  land,  from  which  a crop  of  rye  cut 
for  green  feed  had  been  taken,  were  devoted  to  this  crop.  The 
soil  is  a warm  alluvial  loam,  and  had  been  used  for  potatoes  grown 
on  fertilizer  in  1891.  The  crop  was  manured  in  the  hill,  and  the 
soil  received  a broadcast  application  of  200  pounds  bone  meal,  125 
pounds  muriate  of  potash  and  200  pounds  superphosphate  per 
acre.  The  season  of  planting,  a little  later  than  usual,  was  hot 
and  dry,  and  the  seed  was  slow  in  germinating.  The  crop  was 
rather  small.  The  financial  standing  follows  : — 

8f  tons  squashes  sold  for,  ....  $166  00 
2 tons  soft  squashes  fed  to  cattle,  at  $4,  . 8 00 

$174  00 

Labor,  raising,  harvesting  and  marketing,  . $47  50 

Two  cords  manure, 8 00 

Three-fourths  fertilizer  used,  . . . 12  75 

68  25 

Balance  in  favor  of  crop,  ....  $105  75 

Swedes.  — One-half  acre  in  this  crop  was  sown  June  25,  on  land 
similar  to  that  on  which  the  beets  were  grown.  It  was  manured 
like  the  beets,  and  received  also  muriate  of  potash  75  and  super- 
phosphate 150  pounds.  The  crop  Was  a fine  one.  We  figure  the 
entire  expense  of  growing  the  crop  — labor,  manure  and  fertilizer 
included  — at  $17.50.  The  yield  was  eight  tons,  worth  $32, 
leaving  a balance  in  favor  of  crop  of  $14.50. 
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Soya  Beans. — Two  acres  of  the  warm  alluvial  loam  on  which 
potatoes  were  grown  last  year  were  devoted  to  this  crop.  The 
seed  was  sown  May  25,  in  rows  two  and  one-half  feet  apart.  The 
land  received  manure  at  the  rate  of  six  cords,  and  200  pounds 
muriate  of  potash,  200  pounds  superphosphate,  100  pounds  nitrate 
of  soda  and  100  pounds  of  fish  guano  per  acre,  applied  in  our 
customary  manner.  The  growth  was  unusualty  fine,  but  the  vines 
rusted  somewhat,  which  reduced  the  yield.  The  cost  of  production 
and  harvesting,  manures  and  fertilizers,  being  charged  in  the  usual 
manner,  was  $97.  The  yield  was  thirty-six  bushels  of  beans  and 
three  tons  of  straw. 

Millets.  — One  acre  of  land,  similar  to  that  used  for  beans,  was 
devoted  to  each  of  two  kinds  of  millets,  viz.,  Panicum  miliaceum 
or  “panicle”  millet,  and  Panicum  crus  galli  or  “crow-foot’’ 
millet.  These  crops  are  alluded  to  in  the  report  of  the  agricultural 
department  of  the  Hatch  Experiment  Station,  to  which  the  reader 
is  referred  for  detailed  statements  of  yields.  The  land  was  pre- 
pared as  for  beans,  receiving  per  acre  six  cords  of  manure,  150 
pounds  muriate  of  potash,  200  pounds  fish  guano  and  200  pounds 
superphosphate.  The  seed  was  sown  at  the  rate  of  eight  quarts  per 
acre  for  the  first  and  six  quarts  for  the  second.  The  yields  were 
almost  identical  for  both  varieties,  — about  twelve  tons  per  acre. 

Rye.  — Five  acres  of  the  land  used  last  year  for  potatoes  were 
given  up  to  this  crop.  No  fertilizer  was  put  on  when  the  seed  was 
sown,  but  in  early  spring  we  applied,  per  acre,  125  pounds  muriate 
of  potash,  100  pounds  fish  guano  and  150  pounds  nitrate  of  soda. 
The  growth  was  remarkably  luxuriant.  We  commenced  to  cut  for 
green  feed  May  12,  and  used  all  that  forty  cows  would  eat,  up  to 
the  time  when  the  crop  was  fully  headed  out,  — May  30,  — clear- 
ing only  two  and  one-lialf  acres.  The  balance  was  allowed  to 
ripen,  and  when  fully  grown  averaged  over  six  feet  in  height,  some 
of  it  reaching  fully  seven  feet.  The  yield  of  grain  was  compara- 
tively light,  amounting,  it  is  estimated  from  what  has  been 
threshed,  to  about  forty-five  bushels.  The  straw  weighed  about 
eight  and  one-half  tons.  This  crop,  at  $12  per  ton  for  the  straw 
and  70  cents  per  bushel  for  the  grain,  is  worth  $133.50.  The 
labor  cost  (threshing  not  included)  plus  three-fourths  the  value  of 
fertilizer  applied  amounts  to  $35.40,  leaving  an  apparent  balance 
of  $98.10  in  favor  of  the  crop  ; but  from  this  sum  must  be  deducted 
the  cost  of  threshing,  which  is  not  yet  finished. 

English  Turnips.  — Four  acres  which  had  produced  a crop  of  oats 
and  vetches  for  green  fodder  were  ploughed  and  manured  about 
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August  1,  and  sown  with  clover  and  English  turnips.  From  this 
field  we  harvested  twenty-two  tons  of  fine  roots,  and  the  clover 
looks  well.  The  cost  of  the  turnips  was  very  small,  the  labor 
required  being  only  the  work  of  harvesting,  while  the  crop  must  be 
worth  $66  for  feeding  sheep  and  cattle. 

Soiling  Crops.  — Our  large  stock  of  milch  cows  — forty  being 
about  the  average  number  — are  fed  almost  exclusively  in  the  barn, 
summer  as  well  as  winter.  They  are  allowed  a few  hours’  run 
daily  upon  grass  lands  which  are  soon  to  be  ploughed,  more,  how- 
ever, for  exercise  than  for  feed.  They  are  confined  by  means  of 
movable  fences  in  small  enclosures,  about  a dozen  cows  in  each, 
and  are  from  time  to  time  shifted  to  fresh  enclosures.  In  this  way 
previous  to  August  1 we  twice  fed  over  six  acres  of  land,  at  the 
same  time  manuring  it  evenly  and  liberally.  This  land  was  then 
ploughed,  and  with  a small  application  of  fertilizer  produced  a 
heavy  crop  of  barley  and  pease,  which  furnished  abundance  of 
green  feed  from  October  9 to  November  12,  not  being  at  all  injured 
by  frost  at  the  latter  date. 

By  our  system  of  soiling  the  productive  capacity  of  our  farm  is 
being  steadily  increased,  and  I feel  well  satisfied  with  the  results 
in  every  respect.  So  many  are  unfamiliar  with  the  system,  and  so 
frequently  do  we  see  inquiries  as  to  what  to  sow,  that  I append  the 
following  table,  which  may  serve  for  a guide.  The  average  num- 
ber of  cows  fed  in  the  barn  has  been  almost  exactly  thirty-seven, 
and  they  received  little  dry  feed  during  the  summer,  but  summer 
as  well  as  winter  they  receive  a moderate  allowance  of  grain, 
amounting  generally  to  about  six  to  eight  pounds  daily  of  mixed 
bran,  cotton  seed,  linseed  or  corn  meal. 


Green  Feed  for  Thirty-seven  Cows. 


CROP. 

Date  of  Planting. 

Date  of  Feeding. 

Acreage. 

Yield  in 
Tons. 

Bye 

Sept.  25, 1891. 

May  12-30. 

Z2 

22 

Grass  and  clover,  . 

August,  1891. 

May  30- July  4 

8 

50 

Oats  and  vetch, 

April  16. 

July  5-23. 

3 

30 

Corn,  .... 

May  10. 

July  24-29. 

1 

2 

7 

Millets,  Japanese, 

May  28. 

July  30-Aug.7. 

\ 

8 

Corn,  .... 

May  15-25. 

Aug.  8-Oct.  8. 

80 

Barley  and  pease, . 

Aug.  7. 

Oct.  9-Nov.  12. 

5 

45 
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Most  of  these  crops  have  been  mentioned  in  previous  reports, 
and  detailed  notice  is  not  necessary  at  this  time.  The  millets  have 
been  favorably  alluded  to  elsewhere.  They  come  into  condition  to 
feed  a little  earlier  than  corn  reaches  its  full  development,  and 
seem  desirable  additions  for  this  place. 

Later  than  November  12  our  sheep  and  young  stock  are  given  a 
run  in  our  corn  fields,  in  which  white  mustard  is  sown  after 
the  last  hoeing.  This  produces  a considerable  growth  of  feed 
which  is  much  relished  by  all  classes  of  stock,  and  remains  green 
usually  well  into  the  month  of  December.  The  mustard  takes  up 
the  soluble  nitrates  of  the  soil  and  holds  them  for  the  succeeding 
crop.  It  also  tends  to  keep  down  the  growth  of  undesirable  weeds, 
and  does  not  itself  become  a weed. 


Farm  Live  Stock.  — Our  stock  has  generally  maintained  a good 
average  of  health  throughout  the  year.  We  have  met  with  a few 
losses  among  our  cattle,  from  causes  which  we  are  unable  com- 
pletely to  control,  though  the  policy  of  promptly  weeding  out  infe- 
rior animals,  followed  for  the  past  few  years,  has  reduced  our 
losses  from  such  causes.  We  are  unable  entirely  to  prevent  abor- 
tion among  our  cows.  We  have  a considerable  number  of  cases 
every  year. 

The  injury  to  our  flock  of  Southdowns  by  dogs,  which  occurred 
in  September,  was  of  a serious  nature.  Twelve  animals  were 
either  killed  or  so  badly  injured  as  to  necessitate  immediate 
slaughter,  and  several  others  were  injured  more  or  less  severely. 


Returns  from  the  Dairy.  — The  average  number  of  cows  in  milk 
during  the  past  year  has  been  thirty-three,  exclusive  of  those  which 
have  been  in  process  of  drying  off.  The  gross  returns  from  these 
cows  have  amounted  to  82,697.34  for  new  milk,  cream  and  calves. 
Besides  this,  we  have  had  29,736  gallons  of  skim-milk,  which  at 
two  cents  per  gallon  adds  8594.72  to  the  above  figure,  making  the 
total  gross  returns  from  our  cows  83,292.06.  On  the  basis  of 
thirty-seven  cows  as  the  average  number  milked,  the  gross  return 
per  cow  is  888.98  ; or,  on  the  basis  of  the  total  average  number 
of  cows,  including  animals  dry,  viz.,  forty,  the  gross  return  per 
cow  amounts  to  882.30.  In  view  of  the  fact  that  our  herd  contains 
cows  of  all  ages,  heifers  as  well  as  mature  anirnak , and  others 
beyond  their  prime,  this  return  is  considered  creditable.  The 
average  gross  cost  of  feed  amounts  to  from  S70  to  875  per  animal ; 
the  average  net  cost  (four-fifths  manurial  value  deducted)  to  from 
838  to  842.  We  have,  then,  from  840  to  844  to  pay  for  interest 
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on  investment,  depreciation  in  value  of  stock  and  care  of  animals, 
— a sum  considerably  greater  than  is  sufficient  to  cover  these 
items. 

Milk  Record.  — I include  here  a few  milk  records,  either  entirely 
made  or  finished  during  the  past  year  : — 


Holstein- Friesian. 

Beth  Hoorn,  age  eight  years : — 

Best  single  day,  82  pounds  six  ounces. 

Best  seven  days  (ending  March  19),  524  pounds  14  ounces. 

Best  thirty  days  (ending  March  5),  2,007  pounds  7 ounces. 

Milking  period  (ten  months),  12,800  pounds. 

Emelia  Pledge, with  first  calf  dropped  at  age  of  three  years  five  months  : — 
Best  single  day,  61  pounds  4 ounces. 

Best  month,  1,346  pounds  14  ounces. 

One  year,  12,330  pounds  5 ounces. 

Cornelia  Artis,  age  eight  years:  — 

Best  year,  12,343  pounds  11  ounces. 

Cornelia  Pledge,  with  second  calf,  age  three  years  six  months  : — 

Best  year,  10,585  pounds  eight  ounces. 

Maribel  Artis,  two  years  old  June,  1892,  calved  Feb.  8,  1892  : — 

Yield  to  date,  7,153  pounds  5 ounces. 

Twilight  Artis,  calved  when  one  year  ten  months  old  : — 

Yield  to  date  (eleven  months),  8,772  pounds  7 ounces. 


Grade  Cows , Jersey  and 
All  calved  late  in  1891. 

Dinah,  .... 
Phoebe,  .... 

Meg 

Viola  (nearly  pure  Jersey), 
Topsy,  .... 
Brindle,  .... 
Nancy,  .... 


Shorthorn  Blood  predominating. 

Yield  for  1892  : — 

. . 7,606  pounds  10  ounces. 

8,002  pounds. 

7,120  pounds. 

. . 5,120  pounds  13  ounces. 

8,339  pounds  15  ounces. 
8,040  pounds  7 ounces. 
. . 7,898  pounds  15  ounces. 


The  average  annual  yield  of  our  entire  herd  (obtained  by  dividing 
the  total  number  of  pounds  of  milk  produced  in  the  year  by  the 
average  number  of  cows  kept,  whether  dry  or  in  milk,  viz.,  forty) 
is  6,465  pounds. 

The  total  number  of  spaces  (Cooley  creamer)  of  cream  produced 
during  the  year  was  68,159,  equivalent,  at  6.25  spaces  to  one 
pound  of  butter,  to  10,909.4  pounds  of  butter,  an  average  of  272.7 
pounds  of  butter  per  cow.  In  addition  to  this  we  have  fattened 
calves  and  sold  new  milk  to  the  amount  of  $82.49,  equivalent  to 
330  pounds  of  butter  at  twenty-five  cents  per  pound,  which  would 
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increase  the  average  yield  per  cow  by  8£  pounds,  making  the  total 
for  each  of  the  forty  cows  kept  about  281  pounds.  It  should  be 
remembered  that  our  herd  includes  a number  of  heifers  and  cows 
beyond  their  prime. 

Our  stock  at  present  consists  of  the  following  animals  : — 

Horses.  — Percherons  : one  stallion,  one  mare,  one  stallion  colt 
and  one  mare  colt ; one  three-fourths  Percheron  mare  ; one  pair 
half-blood  Percheron  mares  and  three  geldings.  Total,  ten. 

Cattle. — Ayrshires  : one  male,  eight  females;  Guernsey:  one 
bull ; Holstein-Friesian  : two  males,  eleven  females  ; Jersey  : one 
male,  two  females  ; Shorthorn  : one  female  ; grades  : forty  cows 
and  heifers.  Total,  five  bulls,  sixty-three  cows  and  heifers. 

Sheep.  — Southdowns  : one  ram,  twenty-one  breeding  ewes,  six 
ram  lambs  and  six  ewe  lambs.  Total,  thirty-four. 

Swine.  — Small  Yorkshires : two  boars,  four  breeding  sows, 
thirty- three  pigs  and  fat  hogs  ; Tam  worth  : one  boar  and  one  sow. 
Total,  forty-one. 

Equipment.  — We  have  made  few  additions  to  our  equipment 
during  the  year,  and  those  have  been  acquired  by  purchase.  The 
more  important  articles  are  the  Walter  A.  Wood  tubular  steel 
mower,  Ross  ensilage  cutter,  Hallock  potato  digger,  and  the  Hauck 
and  Comstock  lion  fodder  cutter  and  crusher.  All  these  machines 
do  their  work  in  a fairly  satisfactory  manner,  but  especially  would 
I commend  the  mower  and  the  Ross  cutter.  The  lion  cutter  and 
crusher  does  good  work,  but  is  not  made  in  sizes  large  enough  for 
a heavy  power,  and  therefore  has  not  the  capacity  needed  where  so 
much  material  is  to  be  handled  as  here. 

Permanent  Improvement.  — The  increased  acreage  under  culti- 
vation, and  the  fact  that  we  have  employed  less  help  than  usual, 
explain  the  comparatively  small  amount  of  work  in  the  line  of 
permanent  improvement  that  we  have  been  able  to  accomplish. 
The  inconvenient  location  of  our  barn  — in  one  corner  of  the  area 
tributary  to  it  — greatly  increases  the  cost  of  work,  and  our  teams 
have  been  pushed  even  harder  than  is  consistent  with  first-class 
condition  in  keeping  up  with  the  routine  work  of  the  farm.  We 
have,  however,  cleared  about  three- fourths  of  an  acre  of  stumps 
which  were  very  thick  therein,  and  put  in  a few  more  tiles.  We 
have  also  built  a permanent  roadway  and  substantial  bridge  across 
the  west  end  of  the  ravine  and  its  brook ; we  have  reploughed  and 
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reseeded  ten  acres  of  our  permanent  mowing.  It  is  believed  also 
that  we  have  effected  a large  share  of  improvement  in  the  clean- 
ness and  general  condition  of  all  our  fields,  as  well  as  in  their 
fertility,  which  will  show  in  largely  increased  crops  in  the  near 
future. 

In  conclusion,  I desire  to  express  my  thanks  to  all,  both  among 
superiors  and  subordinates,  for  the  hearty  co-operation  in  the 
efforts  which  have  been  put  forth  to  bring  the  farm  into  such 
condition  that  it  shall  the  better  fulfil  the  important  objects  in 
view  in  its  management,  — to  make  it  a model  for  the  farmers  of 
the  State  and  an  efficient  means  of  illustration  and  instruction, 
both  for  students  and  the  many  who  yearly  visit  us. 


WM.  P.  BROOKS, 

Professor  of  Agriculture. 
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MILITARY  DEPARTMENT. 


Amherst,  Mass.,  Dec.  21,  1892. 

To  President  H.  H.  Goodell. 

Sir  : — I have  the  honor  to  submit  the  following  report,  per- 
taining to  the  military  department  of  the  college,  for  the  year  end- 
ing December  31,  1892. 

In  compliance  with  Special  Orders,  No.  105,  dated  headquarters 
of  the  army,  Adjutant-General’s  Office,  Washington,  May  4,  1892, 
I reported  for  duty  to  the  president  of  the  college  on  August 
16,  1892,  as  professor  of  military  science  and  tactics. 

The  college  opened  on  September  7 for  the  fall  term,  and  I then 
took  command  of  the  battalion  of  cadets.  There  have  been  three 
drills  each  week  during  the  term,  each  drill  being  for  one  hour ; all 
students  are  required  to  attend  these  drills,  except  those  excused 
by  the  surgeon  on  account  of  physical  disability.  The  entire 
battalion  has  been  instructed,  as  thoroughly  as  the  limited  time 
would  permit,  in  the  new  “ infantry  drill  regulations,”  including 
“ school  of  the  soldier,”  “ school  of  the  company”  and  “ extended 
order.”  The  sophomore  class  has  received  special  instruction  in 
“ bayonet  exercise”  and  artillery  drill.  The  entire  battalion  has 
also  had  frequent  instruction  in  “target  practice.”  Theoretical 
instruction  has  been  given  the  three  upper  classes,  for  one  hour 
each  week,  in  the  recitation  room,  in  the  new  “ infantry  drill 
regulations  ; ” in  addition,  the  senior  class  has  received  instruction 
by  lectures  on  military  law,  and  the  sophomore  class  in  artillery. 
The  interest  taken  by  the  students  in  their  military  duty,  and  the 
discipline  of  the  corps,  appear  to  be  excellent. 

Battalion  Organization. 

Commandant  of  Cadets:  — First  Lieut.  W.  M. Dickinson, Seventeenth 
United  States  Infantry. 

Field  and  Staff: — Cadet  Major,  F.  H.  Henderson;  Cadet  First  Lieut, 
and  Adjutant,  J.  R.  Perry  ; Cadet  First  Lieut,  and  Quartermaster,  H.  J. 
Harlow  ; Cadet  First  Lieut,  and  Fire  Marshal,  F.  S.  Hoyt  ; Cadet 
Sergeant  Major,  H.  P.  Smead  ; Cadet  Quarterm aster  Sergeant,  G.  H. 
Merwin. 
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Color  Guard:  — Cadet  Color  Sergeant,  L.  H.  Bacon;  Cadet  Color 
Corporal,  F.  L.  Greene  ; Cadet  Color  Corporal,  A.  J.  Morse. 

Band:  — Cadet  First  Lieut,  and  Band  Leader,  E.  H.'Xehnert;  Cadet 
First  Sergeant  and  Drum  Major,  P.  E.  Davis  ; CadetjSergeant,  J.  H. 
Putnam. 


Company  A. 

Cadet  Capt.  A.  E.  Melendy. 

Cadet  First  Lieut.  F.  A.  Smith. 
Cadet  Second  Lieut.  E.  J.  Walker. 
Cadet  First  Sergeant  T.  S.  Bacon. 
Cadet  Sergeant  L.  Manley. 

Cadet  Sergeant  W.  E.  Sanderson. 
Cadet  Corporal  H.  M.  Fowler. 
Cadet  Corporal  E.  T.  Dickinson. 
Cadet  Corporal  H.  J.  Fowler. 
Cadet  Corporal  F.  G.  Averell. 

Company  C. 

Cadet  Capt.  H.  D.  Clark. 

Cadet  First  Lieut.  F.  G.  Bartlett. 
Cadet  Second  Lieut.  F.  T.  Harlow. 
Cadet  First  Sergeant  J.  E.  Gifford. 
Cadet  Sergeant  A.  H.  Kirkland. 
Cadet  Sergeant  A.  H.  Cutter. 
Cadet  Corporal  G.  E.  Smith. 

Cadet  Corporal  E.  H.  Alderman. 
Cadet  Corporal  E.  L.  Boardman. 
Cadet  Corporal  R.  F.  Pomeroy. 


Company  B. 

Cadet  Capt.  G.  F.  Curley. 

Cadet  First  Lieut.  L.  W.  Smith. 
Cadet  Second  Lieut.  J.  Baker. 
Cadet  First  Sergeant  A.  C.  Curtis. 
Cadet  Sergeant  R.  E.  Smith. 

Cadet  Sergeant  C.  L.  Brown. 

Cadet  Corporal  L.  M.  Barker. 
Cadet  Corporal  C.  H.  Higgins. 
Cadet  Corporal  C.  H.  Spaulding. 
Cadet  Corporal  T.  F.  Keith. 

Company  D. 

Cadet  Capt.  C.  A.  Goodrich. 

Cadet  First  Lieut.  E.  A.  Hawks. 
Cadet  Second  Lieut.  H.  F.  Staples. 
Cadet  First  Sergeant  S.  F.  Howard. 
Cadet  Sergeant  H.  G.  Stockwell. 
Cadet  Sergeant  E.  D.  White. 

Cadet  Corporal  C.  F.  Walker. 
Cadet  Corporal  L.  J.  Shepard. 
Cadet  Corporal  H.  W.  Lewis. 

Cadet  Corporal  I.  C.  Greene. 


The  number  of  cadets  in  the  battalion  is  136. 


Drill  Hall. 

The  drill  hall  has  been  furnished  with  electric  lights  during  the 
past  year.  I would  most  earnestly  call  your  attention  to  the  need 
of  a new  floor  in  the  hall  itself ; concrete,  of  which  the  present 
floor  is  made,  is  about  the  worst  possible  substance  that  could  have 
been  selected  ; it  is  cold,  dusty  when  marching,  and  the  stocks  of 
several  of  the  guns  have  been  broken  I believe  solely  on  account  of 
the  nature  of  the  floor.  A suitable  floor  of  hard  pine  can  be  put 
in  the  hall  for  a cost,  I understand,  of  five  hundred  dollars.  A 
gallery,  the  cost  of  which  would  be  about  one  hundred  dollars, 
should  also  be  placed  in  the  hall,  as  now  there  is  no  place  for 
visitors  except  on  the  floor  of  the  hall,  where  they  are  able  to  see 
but  little,  and  are  also  in  the  way  during  drill.  I believe  that 
both  these  improvements  should  be  made,  as  the  hall  would  then 
be  much  more  suitable  for  military  purposes,  and  also  for  any 
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exercises  for  which  it  might  be  required.  At  the  present  time  the 
drill  hall  is  also  used  for  a gymnasium,  and  the  apparatus  for  that 
purpose  not  only  takes  up  room,  but  interferes  in  other  ways  with 
the  military  exercises.  The  hall  being  no  larger  than  is  absolutely 
required  for  military  purposes,  I would  recommend  that  a suitable 
building  be  provided  for  use  as  a gymnasium,  including  also  a 
bowling  alley. 

Dormitories. 

The  rooms  in  North  College  are  in  very  good  repair,  a consider- 
able amount  of  work  having  been  done  on  them  during  the  p#ast 
summer ; still,  the  ceilings  of  several  should  be  calcimined  or 
papered  as  soon  as  convenient.  Ventilation  is  much  needed  in 
both  the  east  and  west  hallways  of  this  building,  there  now  being 
no  way  in  which  this  can  be  properly  done.  For  that  purpose  I 
would  recommend  that  ventilators  be  placed  in  the  roof  over  each 
of  these  hallways.  I would  also  recommend  that  either  the  roof 
of  the  porch  or  the  entire  porch  at  the  east  end  of  this  building  be 
removed,  as  the  rooms  enclosed  by  it  are  so  dark  and  cold  that 
none  of  the  students  desire  to  occupy  them.  In  South  College  most 
of  the  rooms  are  in  good  condition,  although  the  walls  of  four  or 
five  should  be  either  papered  or  calcimined.  I would  also  recom- 
mend that  the  openings  in  front  of  the  basement  windows  on  the 
east  side  of  this  building  be  covered,  as  in  their  present  shape  I 
consider  them  extremely  dangerous. 

Respectfully  submitted, 

W.  M.  DICKINSON, 

First  Lieutenant  Seventeenth  United  States  Infantry. 
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CALENDAR  FOR  1893-94. 


1893. 

January  3,  winter  term  begins,  at  8.15  a.m. 

March  23,  Thursday,  winter  term  closes,  at  10.30  a.m. 

April  4,  Tuesday,  spring  term  begins,  at  8.15  a.m. 

' Baccalaureate  sermon. 

Address  before  the  College  Young  Men’s 
<{  Christian  Association,  by  A.  E.  Dun- 
ning, D.D.,  editor  of  u The  Congre- 
gationalism” 

( Prize  speaking. 

Grinnell  prize  examination-of  the  senior 
class  in  agriculture, 
f Meeting  of  the  alumni. 

■{  Military  exercises. 

i 

President’s  reception. 

June  21,  Wednesday,  Commencement  exercises. 

June  22,  Thursday,  examinations  for  admission,  at  9 a.m.,  Botanic 
Museum,  Amherst ; at  Jacob  Sleeper  Hall,  Boston  University,  8 
Somerset  Street,  Boston  ; and  at  the  Sedgwick  Institute,  Great 
Barrington. 

September  5,  Tuesday,  examinations  for  admission,  at  9 a.m., 
Botanic  Museum. 

September  6,  Wednesday,  fall  term  begins,  at  8.15  a.m. 

December  20,  Wednesday,  fall  term  closes,  at  10.30  a.m. 

1894. 

January  3,  Wednesday,  winter  term  begins,  at  8.15  a.m. 

March  22,  Thursday,  winter  term  closes,  at  10.30  a.m. 


June  18,  Sunday, 


June  19,  Monday, 


June  20,  Tuesday, 
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THE  CORPORATION. 


FRANCIS  H.  APPLETON  of  Lynnfield,  . 
WILLIAM  WHEELER  of  Concord,  . 

ELIJAH  W.  WOOD  of  West  Newton, 
CHARLES  A.  GLEASON  of.  New  Braintree,  . 
DANIEL  NEEDHAM  of  Groton,  . 

JAMES  DRAPER  of  Worcester, 

HENRY  S.  HYDE  of  Springfield,  . 

MERRITT  I.  WHEELER  of  Great  Barrington, 
JAMES  S.  GRINNELL  of  Greenfield, 

JOSEPH  A.  HARWOOD  of  Liitleton,  . 
WILLIAM  H.  BOWKER  of  Boston,  . 

J.  D.  W.  FRENCH  of  Boston,  .... 
J.  HOWE  DEMOND  of  Northampton, 

ELMER  D.  HOWE  of  Marlborough, 


Term  expires 

. 1894 

. 1894 

. 1895 

. 1895 

. 1896 

. 1896 

. 1897 

. 1897 

. 1898 

. 1898 

. 1899 

. 1899 

. 1900 

. 1900 


Members  Ex-Officio. 

His  Excellency  Governor  WILLIAM  E.  RUSSELL,  President 
of  the  Corporation. 

HENRY  H.  GOODELL,  President  of  the  College. 

JOHN  W.  DICKINSON,  Secretary  of  the  Board  of  Education. 
WILLIAM  R.  SESSIONS,  Secretary  of  the  Board  of  Agriculture. 


JAMES  S.  GRINNELL  of  Greenfield, 
Vice-President  of  the  Corporation. 


WILLIAM  R.  SESSIONS  of  Hampden,  Secretary. 


GEORGE  F.  MILLS  of  Amherst,  Treasurer , pro  tem. 


CHARLES  A.  GLEASON  of  New  Braintree,  Auditor. 
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Committee  on  Finance  and  Buildings.  * 
JAMES  S.  GRINNELL.  HENRY  S.  HYDE. 

J.  HOWE  DEMOND.  CHARLES  A.  GLEASON. 

DANIEL  NEEDHAM,  Chairman. 


Committee  on  Course  of  Study  and  Faculty.  * 
WILLIAM  H.  BOWKER.  JOSEPH  A.  HARWOOD. 
ELMER  D.  HOWE.  J.  D.  W.  FRENCH. 

WILLIAM  WHEELER,  Chairman. 


Committee  on  Farm  and  Horticultural  Departments.  * 
ELIJAH  W.  WOOD.,  JAMES  DRAPER. 

FRANCIS  H.  APPLETON.  MERRITT  I.  WHEELER. 
WILLIAM  R.  SESSIONS,  Chairman. 


Committee  on  Experiment  Department.* 
DANIEL  NEEDHAM.  ELIJAH  W.  WOOD. 

WILLIAM  WHEELER.  JAMES  DRAPER. 

WILLIAM  R.  SESSIONS,  Chairman. 


Board  of  Overseers. 

THE  STATE  BOARD  OF  AGRICULTURE. 


Examining  Committee  of  Overseers. 


E.  A.  HARWOOD,  . 

A.  C.  VARNUM, 

GEORGE  CRUICKSHANKS, 
GEORGE  L.  CLEMENCE, 
DR.  WILLIAM  HOLBROOK, 
CHAS.  A.  MILLS,  . 


. of  North  Brookfield. 
. of  Lowell. 

. of  Fitchburg. 

. OF  SOUTHBRIDGE. 

. of  Palmer. 

. OF  SOUTHBOROUGH. 


The  Faculty. 

HENRY  H.  GOODELL,  LL.D.,  President. 
Professor  of  Modern  Languages  and  English  Literature. 


* The  president  of  the  college  is  ex-officio  a member  of  each  of  the  above  committees. 
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LEVI  STOCKBRIDGE, 

Professor  of  Agriculture , Honorary. 

CHARLES  A.  GOESSMANN,  Pli.D.,  LL.D., 

Professor  of  Chemistry. 

SAMUEL  T.  MAYNARD,  B.Sc., 

Professor  of  Botany  and  Horticulture. 

CLARENCE  D.  WARNER,  B.Sc., 

Professor  of  Mathematics  and  Physics. 

CHARLES  WELLINGTON,  Pk.D., 

Associate  Professor  of  Chemistry. 

CHARLES  H.  FERNALD,  Pli.D., 

Professor  of  Zoology. 

Rev.  CHARLES  S.  WALKER,  Ph.D., 

Professor  of  Mental  and  Political  Science. 

WILLIAM  P.  BROOKS,  B.Sc., 

Professor  of  Agriculture. 

GEORGE  F.  MILLS,  M.A., 

Professor  of  English. 

JAMES  B.  PAIGE,  Y.S., 

Professor  of  Veterinary  Science. 

WALTER  M.  DICKINSON,  1st  Lieut.  17th  Infantry,  U.  S.  A., 
Professor  of  Military  Science  and  Tactics. 

ROBERT  W.  LYMAN, 

Lecturer  on  Farm  Law. 

HENRY  H.  GOODELL,  LL.D., 

Librarian. 


FRED  S.  COOLEY,  B.Sc., 

Farm  Superintendent. 
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Graduates  of  1892.  * 


Beals,  Alfred  Tennyson, 

Boynton,  Walter  Ira  (Boston  Univ.),  . 
Clark, Edward  Thornton  (Boston  Univ.), 
Crane,  Henry  Everett  (Boston  Univ.), 
Deuel,  James  Edward  (Boston  Univ.), 
Emerson,  Henry  Bennett, 

Field,  Judson  Leon  (Boston  Univ.),  . 
Fletcher,  William  (Boston  Univ.), 
Graham,  Charles  Sumner  (Boston 

U?iv), 

Holland,  Edward  Bertram  (Boston 

Univ.), 

Hubbard,  Cyrus  Moses  (Boston  Univ.), 
Knight,  Jewell  Bennett  (Boston  Univ.), 
Lyman,  Richard  Pope,  .... 
Plumb,  Frank  Herbert  (Boston  Univ.), 
Rogers,  Elliot  (Boston  Univ.), 

Smith,  Robert  Hyde  (Boston  Univ.),  . 
Stockbridge,  Francis  Granger  (Boston 

Univ.), 

Taylor, George  Everett  (Boston  Univ.), 
Thomson,  Henry  Martin  (Boston  Univ.) , 
West,  Homer  Cady  (Boston  Univ.), 
Willard,  George  Bartlett  (Boston 

Univ.), 

Williams,  Milton  Hubbard  (Boston 

Univ.) 

Total,  ...... 


Greenfield. 

North  Amherst. 

Granby. 

Weymouth. 

Amherst. 

Gloucester. 

Leverett. 

Chelmsford. 

Holden. 

Amherst. 

Sunderland. 

Belehertown. 

Boston. 

Westfield. 

Allston. 

Amherst. 

Northfield. 

Shelburne. 

Monterey. 

Belehertown. 

Waltham. 

Sunderland. 


22 


Baker,  Joseph, 

Bardin,  James  Edgar,  . 
Bartlett,  Fred  Goff, 

Clark,  Henry  Disbrow, . 
Curley,  George  Frederick, 
Davis,  Herbert  Chester, 
Goodrich,  Charles  Augustus, 
Harlow,  Francis  Turner, 
Harlow,  Harry  James,  . 
Hawks,  Ernest  Alfred, 
Henderson,  Francis  Howard 
Howard,  Edwin  Carleton, 
Hoyt,  Franklin  Sherman, 
Lehnert,  Eugene  Hugo, 
Melendy,  Alphonso  Edward, 


Senior  Class. 

. . Dudley. 

. Dalton. 

. Hadley. 

. Plainfield. 

. Upton. 

. Amherst. 

. Hartford,  Conn. 
. Marshfield. 

. West  Boy lston. 

. W illiamsburg. 

. Malden. 

. Wilbraham. 

. . Cheshire,  Conn. 

. Clinton. 

. Sterling. 


* The  annual  report,  being  made  in  January,  necessarily  includes  parts  of  two 
academic  years,  and  the  catalogue  bears  the  names  of  such  students  as  have  been 
connected  with  the  college  during  any  portion  of  the  year  1892. 
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Perry,  John  Richards,  . 

Smith,  Cotton  Atwood, . 

Smith,  Fred  Andrew,  . 

Smith,  Luther  Williams, 
Staples,  Henry  Franklin, 
Tinoco,  Luiz  Antonio  Ferreira, 
Walker,  Edward  Joseph, 

Total 


Boston. 

North  Hadley. 

Lynn. 

Ashfield. 

Leominster. 

Campos,  Rio  Janeiro,  Brazil. 
Clinton. 

22 


Junior  Class. 


Alderman,  Edwin  Hammond, 

. Middlefield. 

Averell,  Fred  Gilbert,  . 

, Amherst. 

Bacon,  Linus  Hersey,  . 

. Spencer. 

Bacon,  Theodore  Spalding,  . 

. Natick. 

Barker,  Louis  Morton,  . 

. Hanson. 

Barton,  Charles  Henry, 

. Dalton. 

Boardman,  Edwin  Loring,  . 

. Sheffield. 

Brown,  Charles  Leverett, 

. Feeding  Hills. 

Curtis,  Arthur  Clement, 

. Brooklyn,  N.  Y. 

Cutter,  Arthur  Hardy,  . 

. Pelham,  N.  H. 

Davis,  Perley  Elijah,  . 

. Worcester. 

Dickinson,  Eliot  Taylor, 

, Amherst. 

Fowler,  Halley  Melville, 

. South  Gardner. 

Fowler,  Henry  Justin,  . 

. North  Hadley. 

Gifford,  John  Edwin,  . 

. Brockton. 

Greene,  Frederic  Lowell, 

. Shrewsbury. 

Greene,  Ira  Charles, 

. Fitchburg. 

Higgins,  Charles  Herbert,  . 

. Dover. 

Howard,  Samuel  Francis, 

. Wilbraham. 

Johnson,  Charles  Frederic,  . 

. Littleton. 

Keith,  Thaddeus  Fayette, 

. Fitchburg. 

Kirkland,  Archie  Howard,  . 

. Norwich. 

Lewis,  Henry  Waldo,  . 

. Rockland. 

Lounsbury,  Charles  Pugsley, 

. Allston. 

Manley,  Lowell,  .... 

. Brockton. 

Mann,  Henry  Judson,  . 

. Maplewood. 

Marvin,  Samuel  Barnard, 

. Richford,  Yt. 

Merwin,  George  Henry, 

. Westport,  Conn. 

Morse,  Alvertus  Jason, 

. Belchertown. 

Morse,  Elisha  Wilson,  . 

. Brockton. 

Park,  Fred  Ware 

. South  Chelmsford. 

Parker,  Frank  Ingram, 

. Pittsfield. 

Pomeroy,  Robert  Ferdinand, 

. South  Worthington. 

Putnam,  Joseph  Harry, 

. West  Sutton. 

Robbins,  Dana  Watkins, 

. Walpole. 

Sanderson,  William  Edwin, . 

. Hingham. 

Sanford,  George  Otis,  . 

. Winchendon. 

Shepard,  Lucius  Jerry, 

. Oakdale. 

Smead,  Horace  Preston, 

. Greenfield. 
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Smith,  George  Eli, 

Smith,  Ralph  Eliot, 

Spaulding,  Charles  Harrington, 
Stock  well,  Harry  Griggs, 
Walker,  Claude  Frederic, 
White,  Elias  Dewey,  . 

Total,  .... 


. Sheffield. 

. Newton  Centre. 

. East  Lexington. 

. Sutton. 

. Amherst. 

. South  Sherborn. 
45 


Sophomore 
Bagg,  Edward  Oreu,  .... 
Ballon  Henry  Arthur,  .... 
Bemis,  Waldo  Louis,  .... 
Billings,  George  Austin, 

Brown,  William  Clay,  .... 
Burgess,  Albert  Franklin, 

Clark,  Edile  Hale,  .... 

Cook,  Jay  Erastus,  .... 

Cooley,  Robert  Allen,  .... 
Crehore,  Charles  Winfred,  . 

Davis,  Alfred, 

Dickinson,  Charles  Morrison, 

Drury,  Ralph  Willard,  .... 
Duffield,  William  Charles,  . 
Fairbanks,  Herbert  Stoekwell, 

Foley,  Thomas  Patrick, 

Frost,  Harold  Locke,  .... 
Goodell,  John  Stanton, 

Hemenway,  Herbert  Daniel, 
Henderson,  Edward  Harris,  . 

Jones,  John  Horace,  .... 
Jones,  Robert  Sharp,  .... 

Kuroda,  Shiro, 

Lane,  Clarence  Bronson, 

Marsh,  Jasper,  ..... 
Mason,  Amos  Hall,  .... 
Morse,  Walter  Levi,  .... 
Potter,  Daniel  Charles,  .... 
Read,  Henry  Blood,  .... 
Root,  Wright  Asahel,  .... 
Smith,  Arthur  Bell,  .... 
Stevens,  Clarence  Lindon,  . 

Sullivan,  Maurice  John, 

Tobey,  Frederick  Clinton,  . 

Toole,  Stephen  Peter,  .... 
Warren,  Frank  Lafayette,  . 

Weed,  Percy  Loring,  .... 
White,  Edward  Albert, 

Williams,  John  Sherman, 

Total, 


Class. 

West  Springfield. 

West  Fitchburg. 

Spencer. 

South  Deerfield. 

Peabody. 

Rockland. 

Spencer. 

Hadley. 

South  Deerfield. 

Chicopee. 

West  Roxbury. 

Park  Ridge,  111. 

Athol  Centre. 

Quincy  Point. 

Amherst. 

Natick. 

Arlington. 

Amherst. 

Williamsville. 

Malden. 

Pelham. 

Dover. 

Yamanouchi,  Kitamura,  Japan. 
Killingworth,  Conn. 

Danvers  Centre. 

Medfield. 

Middleborough. 

Fairhaven. 

Westford. 

Deerfield. 

North  Hadley. 

Sheffield. 

Amherst. 

West  Stockbridge. 

Amherst. 

Shirley. 

Boston. 

Ashby. 

Middleborough. 


39 


68 


AGRICULTURAL  COLLEGE. 


[Jan. 


Freshman 

Burrington,  Horace  Clifton, 

Clapp,  Frank  Lemuel,  .... 
Clark,  Harry  Edward,  .... 
Cook,  Allen  Bradford,  .... 
Curley,  Walter  James, 

DeLuce,  Frank  Edmund, 

Dodge,  William  Bradford,  . 

Edwards,  Harry  Taylor, 

Fletcher,  Stephen  Whitcomb, 

Geary,  Hiram  Gilbert,  .... 
Green,  Josiah  Elton,  .... 
Hammar,  James  Fabens, 

Harper,  Walter  Benjamin,  . 

Hayward,  Ralph  Lyon, 

Hubbard,  Guy  Augustus, 

Jones,  Benjamin  Kent,  . 

Kinney,  Asa  Stephen,  .... 
Kinsman,  Ernest  Eugene, 

Kramer,  Albin  Maximilian,  . 

Leamy,  Patrick  Arthur, 

Marshall,  James  Laird, 

Moore,  Henry  Ward,  .... 
Morse,  Sydney  Levi,  .... 
Nichols,  Robert  Parker, 

Nutting,  Charles  Allen, 

Pentecost,  William  Lewis,  . 

Poole,  Erford  Wilson,  .... 
Poole,  Isaac  Chester,  .... 
Rawson,  Herbert  Warren,  . 

Read,  Frederick  Henry, 

Robinson,  Frank  Dean, 

Roper,  Harry  Howard, 

Saito,  Seijiro, 

Sastre  de  Yerand,  Salome,  . 

Scannell,  Michael  Edward,  . 

Sellew,  Merle  Edgar,  .... 
Shaw,  Frederic  Bridgman,  . 

Shultis,  Newton, 

Shurtleff,  Walter  Davis, 

Stoddard,  Samuel  Harwood, 

Tsuda,  George, 

Yallentine,  Florence  May,  . 

Yaughan,  Robert  Henry, 

Walsh,  Tom  Francis,  .... 
Washburn,  Frank  Porter, 

Wentzell,  William  Benjamin, 

Total,  


Class. 

Charlemont. 

Dorchester. 

Wilbraham. 

Petersham. 

Upton. 

Warren. 

Jamaica  Plain. 

Chesterfield. 

Rock. 

Pelham. 

f 

Spencer. 

Swampscott. 

Wakefield. 

Uxbridge. 

Ashby. 

Middlefield. 

Worcester. 

Heath. 

Clinton. 

Petersham. 

South  Lancaster. 

Worcester. 

Foxborough. 

West  Nor  well. 

North  Leominster. 

Worcester. 

North  Dartmouth. 

North  Dartmouth. 

Arlington. 

Wilbraham. 

Petersham. 

East  Hubbardston. 

Nemuro,  Japan. 

Tabasco,  Mexico. 

Amherst. 

East  Longmeadow. 

South  Amherst. 

Medford. 

Carver. 

Rockland. 

Tokyo,  Japan. 

Florence. 

Worcester. 

North  Amherst. 

North  Perry,  Me. 

Amherst. 

46 
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Resident  Graduates  at  the  College  and  Experiment  Stations. 


Arnold,  B.Sc.,  Frank  Luman  (Boston 

Univ.), 

Carpenter,  B.Sc.,  Malcolm  Austin 

(Boston  Univ.), 

Cooley,  B.Sc.,  Fred  Smith,  . 

Court,  William  Boyce  (Magill  Univ.), 
Crocker,  B.Sc.,  Charles  Stoughton 

(Boston  Univ.), 

Field,  B.Sc.,  Henry  John  (Boston 

Univ.), 

Haskins,  B.Sc.,  Henry  Darwin  (Bos- 
ton Univ.), 

Hitchcock,  George  Preston  (Amherst 

Coll.), 

Holland,  B.Sc.,  Edward  Bertram  (Bos- 
ton Univ.), 

Johnson,  B.Sc.,  Charles  Henry  (Bos- 
ton Univ.),  

Jones*  B.Sc.,  Charles  Howland  (Bos- 
ton Univ.), 

Moore,  B.Sc.,  Robert  Bostwick  (Boston 

Univ.),  

Parsons,  B.Sc.,  Wilfred  Atherton, 
Shepardson,  B.Sc.,  William  Martin 
(Boston  Univ.),  .... 

Smith,  B.Sc.,  Frederic  Jason  (Boston 
Univ.),  ...... 

Smith,  B.Sc.,  Robert  Hyde  (Boston 

Univ.), 

Thomson,  B.Sc.,  Henry  Martin  (Bos- 
ton Univ.),,  . 

West,  B.Sc.,  John  Sherman  (Boston 
Univ.),  ...... 

William,  B.Sc.,  Frank  Oliver  (Boston 

Univ.), 

Total, 


Belchertown. 

Leyden. 

Sunderland. 
Montreal,  Canada. 

Sunderland. 

Leverett. 

North  Amherst. 

Fitchburg. 

Amherst. 

Prescott. 

Downer’s  Grove,  111. 

Framingham. 

Southampton. 

Warwick. 

North  Hadley. 

Amherst. 

Monterey. 

Belchertown. 

Sunderland. 


19 


Summary. 


Resident  graduates, 19 

Graduates  of  1892, 22 

Senior  class, 22 

Junior  class,  45 

Sophomore  class, 39 

Freshman  class, 46 

Total, 193 

Counted  twice, 3 


Total, 


190 


FOUR  YEARS’  COURSE  OF  STUDY. 

Freshman  Year. 
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TWO  YEARS’  COURSE. 

Agriculture.  — Lecture  and  text-book  work  in  the  study  of  soils, 
— formation,  composition  and  physical  character  ; tillage  ; drain- 
age ; irrigation ; manures  and  fertilizers ; farm  implements  and 
machinery,  and  their  use  ; field  crops  ; grasses  and  forage  plants  ; 
ensilage  ; mowings  ; pastures  ; farm  buildings  ; roads  and  fences  ; 
the  breeds  of  cattle,  sheep,  horses  and  swine ; stock  breeding  and 
feeding ; dairy  farming ; poultry  farming ; markets  and  market- 
ing. The  work  will  be  made  as  practical  as  possible,  and  will  be 
continually  illustrated  in  field,  barns,  dairy  and  laboratory. 
Many  of  the  lectures  will  be  of  the  nature  of  out-door  talks. 
Practical  training  will  be  given  when  needed  or  desired.  Time 
allotted,  two  hundred  and  twenty-two  hours. 

Botany.  — Elementary  botany,  to  impart  general  knowledge  of 
the  structure  of  seeds  and  plants,  methods  of  reproduction  and 
propagation,  hybridization,  methods  of  analysis  of  agricultural 
plants,  especially  grasses  and  weeds ; plant  diseases,  and  the 
peculiarities  of  trees  of  economical  importance.  Herbarium  of 
plants  of  agricultural  importance  to  be  required.  Time  allotted, 
one  hundred  and  thirty  hours. 

Chemistry. — Elementary  chemistry  ; principles  of  the  science  ; 
chemical  physics  ; chemistry  of  elements  important  to  the  farmer  ; 
chemistry  of  soils,  plants,  animals,  foods  and  fertilizers.  Time 
allotted,  one  hundred  and  fifty  hours.  (No  laboratory  work.) 

English.  — Thorough  drill  in  writing  and  speaking.  Time 
allotted,  two  hundred  and  eleven  hours. 

Horticulture , Floriculture  and  Forestry. — Time  allotted,  one 
hundred  and  eighty-five  hours. 

Latin.  — Elective.  Designed  for  those  intending  to  enter  the 
four  years’  course. 

Mathematics.  — Algebra  through  quadratics  ; geometry,  two 
books ; trigonometry  and  plane  surveying ; topography ; roads, 
location  and  construction ; elementary  mechanics  and  physics ; 
book-keeping.  Time  allotted  : class-room,  two  hundred  and  thirty 
hours  ; field  work,  ninety  hours  ; drawing,  ninety  hours. 

Physiology , Zoology  and  Entomology.  — Time  allotted,  one  hun- 
dred and  thirty  hours. 

Veterinary  Science.  — Comparative  anatomy  and  physiology  ; 
hygiene  ; treatment  of  emergency  cases  ; diagnosis  and  treatment 
of  simple  cases.  Time  allotted,  one  hundred  and  eleven  hours. 
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GRADUATE  COURSE. 

1.  No  honorary  degrees  shall  be  conferred. 

2.  No  applicant  shall  be  eligible  to  the  degree  of  M.S.  until 
he  has  received  the  degree  of  B S.  or  its  equivalent. 

3.  The  faculty  shall  offer  a course  of  study  in  each  of  the  fol- 
lowing subjects  : mathematics  and  physics  ; chemistry  ; agricult- 
ure and  botany  ; entomology  ; veterinary.  Upon  the  satisfactory 
completion  of  any  two  of  these,  the  applicant  shall  receive  the 
degree  of  M.S.  This  prescribed  work,  however,  may  be  done  in 
the  Massachusetts  Agricultural  College,  or  at  any  institution  that 
the  applicant  may  choose  ; but  in  either  case  the  degree  shall  be 
conferred  only  after  passing  an  examination  at  the  college  under 
such  rules  and  regulations  as  may  be  prescribed. 

4.  Every  student  in  the  graduate  course  shall  pay  one  hundred 
dollars  to  the  treasurer  of  the  college  before  receiving  the  degree 
of  M.S. 


TEXT  BOOKS. 

Wood  — “ The  American  Botanist  and  Florist.” 

Bessey  — “Botany  for  High  Schools  and  Colleges.” 
Gray  — “ Manual.” 

Long  — “How  to  Make  the  Garden  Pay.” 

Long  — “Ornamental  Gardening  for  Americans.” 

F uller  — “ Practical  Forestry.” 

Maynard  — “Practical  Fruit  Grower.” 

McAlpine  — “ How  to  know  Grasses  by  their  Leaves.” 
Morton  — “ Soil  of  the  Farm.” 

Gregory  — “ Fertilizers.” 

Miles  — “ Stock  Breeding.” 

Ahmsby  — “Manual  of  Cattle  Feeding” 

Fisher  — “Classbook  of  Elementary  Chemistry.” 
Roscoe  — “ Lessons  in  Elementary  Chemistry.” 

Roscoe  and  Schorlemmer— “ Treatise  on  Chemistry.” 
Medicos  and  Marshall  — “Qualitative  Analysis.” 
Wheeler  — “ Medical  Chemistry.” 

Fresenius  — “ Qualitative  Chemical  Analysis.” 
Fresenius  — “ Quantitative  Chemical  Analysis.” 

Dana  — “ Manual  of  Mineralogy  and  Lithology.” 

Brush  — “ Manual  of  Determinative  Mineralogy.” 
Wells  — “ College  Algebra.” 

Dana  — “ Mechanics.” 

Wentworth — “ Plane  and  Solid  Geometry.” 

Carhart  — “ Surveying.” 
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Warner  — “ Mensuration.” 

Wells  — “Plane  and  Spherical  Trigonometry.” 

Atkinson's  Ganot’s  Physics. 

Loomis  — “ Meteorology.” 

Porter  — “ The  Elements  of  Intellectual  Science.” 

Genung  — “The  Practical  Elements  of  Rhetoric.” 

Walker  — “Political  Economy,”  abridged  edition. 

Emerson  — “ Evolution  of  Expression.” 

Lockwood  — “ Lessons  in  English.” 

Comstock  — “ First  Latin  Book.” 

CiESAR  — “The  Invasion  of  Britain.” 

Whittier,  No.  4 ; Longfellow,  Nos.  33, 34,  35 ; Lowell,  No.  39, — 
“ Riverside  Literature  Series.” 

Sprague  — “Six  Selections  from  Irving's  Sketch-book.” 

Hudson  — “ Selections  of  Prose  and  Poetry.”  Webster,  Burke, 
Addison,  Goldsmith,  Shakespeare. 

Genung  — “Handbook  of  Rhetorical  Analysis.” 

Whitney  — “French  Grammar.” 

Kellogg — “ English  Literature.” 

White  — “ Progressive  Art  Studies.” 


To  give  not  only  a practical  but  a liberal  education  is  the  aim  in 
each  department,  and  the  several  courses  have  been  so  arranged 
as  to  best  subserve  that  end.  Weekly  exercises  in  composition 
and  declamation  are  held  throughout  the  course.  The  instruction 
in  agriculture  and  horticulture  is  both  theoretical  and  practical. 
A certain  amount  of  labor  is  required  of  each  student,  and  the 
lessons  of  the  recitation  room  are  practically  enforced  in  the  garden 
and  field.  Students  are  allowed  to  work  for  wages  during  such 
leisure  hours  as  are  at  their  disposal.  Under  the  act  by  which  the 
college  was  founded,  instruction  in  military  tactics  is  imperative  ; 
and  each  student,  unless  physically  debarred,*  is  required  to  attend 
such  exercises  as  are  prescribed,  under  the  direction  of  a regular 
army  officer  stationed  at  the  college. 


FOUR  YEARS’  COURSE. 

Admission. 

Candidates  for  admission  to  the  freshman  class  in  1893  will  be 
examined,  orally  and  in  writing,  upon  the  following  subjects  : 
English  grammar,  geography,  arithmetic,  algebra  (to  quadratic 
equations,  including  radicals),  the  metric  system  and  the  history 
of  the  United  States.  The  standard  required  is  sixty-five  per 

* Certificates  of  disability  must  be  procured  of  Dr.  Herbert  B.  Perry  of  Amherst. 
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cent  on  each  paper.  Diplomas  from  high  schools  will  not  be  re- 
ceived in  place  of  examination. 

Candidates  for  higher  standing  are  examined  as  above,  and  also 
in  the  studies  gone  over  by  the  class  to  which  they  desire  admis- 
sion. 

No  one  can  be  admitted  to  the  college  until  he  is  fifteen  years  of 
age.  Every  applicant  is  required  to  furnish  a certificate  of  good 
character  from  his  late  pastor  or  teacher.  The  regular  examina- 
tions for  admission  are  held  at  the  Botanic  Museum,  at  nine  o’clock 
a.m. , on  Thursday,  June  22,  and  on  Tuesday,  September  5 ; but 
candidates  may  be  examined  and  admitted  at  any  other  time  in 
the  year.  For  the  accommodation  of  those  living  in  the  eastern 
part  of  the  State,  examinations  will  also  be  held  at  nine  o’clock 
a.m. , on  Thursday,  June  22,  at  Jacob  Sleeper  Hall,  Boston  Uni- 
versity, 8 Somerset  Street,  Boston  ; and  for  the  accommodation 
of  those  in  the  western  part  of  the  State,  at  the  same  date  and 
time,  at  the  Sedgwick  Institute,  Great  Barrington,  by  James  Bird. 

Increased  Requirements. 

After  1893,  candidates  for  admission  to  the  freshman  class  will 
be  examined  in  English  grammar,  geography,  United  States 
history,  physiology,  physical  geography,  arithmetic,  the  metric 
system,  algebra  (through  quadratics),  geometry  (two  books), 
civil  government  (Mowry’s  “ Studies  in  Civil  Government”),  and 
Latin  (grammar  and  first  ten  chapters  of  the  first  book  of  Caesar’s 
“ Gallic  War,”  or  an  equivalent). 

Age  for  admission,  sixteen  years.  Diplomas  from  high  schools 
will  not  be  received  in  place  of  examinations. 


TWO  YEARS’  COURSE. 

Calendar  the  same  as  in  the  four  years’  course.  Age  for  ad- 
mission, fifteen  years.  The  objects  of  this  course  are,  primarily, 
to  help  farmers’  sons  and  others  proposing  to  follow  some  branch 
of  agriculture,  who  lack  either  the  time  or  the  means  required  for 
the  longer  course ; secondly,  in  so  far  as  practicable  to  serve  as  a 
preparation  for  the  regular  college  course. 

Admission. 

Candidates  for  admission  are  examined  orally  and  in  writing  in 
English  grammar,  geography,  arithmetic  and  United  States  history. 
The  standard  required  is  sixty-five  per  cent  on  each  paper. 
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ENTRANCE  EXAMINATION  PAPERS  USED  IN  1892. 
Arithmetic. 

1.  Define  quantity,  and  give  examples  of  concrete  and  abstract 
numbers. 

2.  Find  the  greatest  common  divisor  of  30,  110,  140,  and  680. 

3.  Add  together  J,  TV,  IJ,  ff,  and  . 

4.  When  f of  an  acre  of  land  cost  $75,  what  will  7f  acres  cost? 

5.  What  part  of  1 t.  6 cwt.  15  lb.  10  oz.  is  10  cwt.  46  lb.  4 oz.  ? 

6.  Bought  a horse  for  $250,  paid  for  keeping  him  $10,  and 
sold  him  for  $234  ; what  was  the  loss  per  cent.  ? 

7.  Find  the  amount  of  $1,234.50  for  8 years  9 months  IQ  days 
at  7T3ff  per  cent. 

8.  What  is  the  difference  between  the  interest  and  true  discount 
of  $1,050,  due  10  months  hence,  at  6 per  cent.  ? 

9.  Define  ratio  and. proportion,  and  solve  the  following  problem  : 
If  6 men  can  mow  16  acres  in  4 days,  how  long  will  it  take  10  men 
to  mow  40  acres  at  the  same  rate  ? 

10.  Extract  the  square  root  of  3,164.0625. 

Metric  System. 

1.  How  is  the  metric  system  formed? 

2.  How  are  the  lower  denominations  of  each  weight  or  measure 
expressed  ? The  higher  denominations  ? 

3.  Name  the  principal  units  of  the  metric  system  and  give  their 
equivalents. 

4.  Give  the  table  for  liquid  or  dry  measure. 

5.  How  many  hectoliters  of  oats  can  be  put  into  a bin  that  is  4 
meters  long,  3^  meters  wide,  and  2t5q  meters  deep? 

6.  The  produce  per  hectare  being  10  hectoliters,  what  is  it  per 
acre  ? 

7.  In  40  metric  tons  how  many  tons? 

8.  When  the  distance  between  two  places  is  31^  kilometers, 
how  many  miles  are  they  apart? 

9.  Write  the  table  for  long  measure. 

10.  In  3 lbs.  8 oz.  18  pwt.  of  gold  how  many  grams? 

Algebra. 

1.  Define  algebra,  coefficient,  exponent,  and  name  four  kinds  of 

symbols  used  in  algebra. 

2.  Name  three  methods  of  elimination. 

3.  Factor  the  following  expressions  : — 

cc2  — 14a;  + 49,  a;3  — y3,  64a;6  — 1 . 

4.  Find  the  common  divisor  of  4a;2  — 4a;  -f-  1 , 4a,’2  — 1 , and  8a^  — 1 . 
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6a:2  + as  — 35  , 10a;2  — x — 21 

5.  Reduce  to  its  simplest  form  8a.2  _j_  2 2a.  + 5 and  _ 7^+^ 

x2  — 5x 

6.  Solve  : § - .,,_7  = §■ 

7.  A and  B can  do  a piece  of  work  in  7 days  which  A alone  can 

do  in  10  days  ; in  what  time  could  B alone  do  it? 

8.  Extract  the  cube  root  of  1 — 6y  -}-  1 2y2  — By3. 

3 3 3 

9.  Add  together  \Z|-,  VuV?  an(^  VI* 

10.  Solve: 

j\/2x  — 3 — V8£c+1  -f-  /v/lS*®  — 92  = 0. 

Grammar  and  Composition. 

Note.  — Penmanship,  spelling,  capitalization,  and  punctuation  will  be  considered 
in  determining  the  excellence  of  your  paper.  State  whether  you  have  studied  Latin. 
If  you  have  studied  it,  state  how  long  and  what  you  have  read. 

1.  What  is  English  grammar?  Into  what  parts  is  it  commonly 
divided  ? 

2.  Write  a sentence  that  shall  have  a pronoun  in  the  objective 
case,  an  adjective  in  the  comparative  degree,  and  an  adverb  of 
manner. 

3.  Write  the  possessive  singular  and  plural  of  the  following : 
lady,  thief,  tooth,  I,  it,  hero,  money,  child,  sheep,  trout. 

4.  Name  the  principal  and  subordinate  clause  in  the  following 
sentence  : “ What  cost  the  British  nation  eight  millions  sterling,  a 
succession  of  campaigns  and  many  lives,  was  won  in  ten  minutes 
by  a few  undisciplined  men,  without  the  loss  of  life  or  limb.” 

5.  Write  the  titles  of  any  three  books  you  have  read  since  June 
1,  1891.  Write  at  least  one  hundred  words  on  one  of  the  follow- 
ing subjects : (a)  Any  topic  suggested  by  what  you  have  read  in 
the  books  just  named.  (&)  An  outline  of  any  character  described 
in  any  one  of  these  books,  (c)  The  industries  of  Massachusetts. 

6.  Change  the  following  to  connected  prose  : — 

So  all  night  long  the  storm  roared  on  : 

The  morning  broke  without  a sun ; 

In  tiny  spherule  traced  with  lines 
Of  Nature’s  geometric  signs, 

In  starry  flake  and  pellicle, 

All  day  the.  hoary  meteor  fell ; 

And,  when  the  second  morning  shone, 

We  looked  upon  a world  unknown, 

On  nothing  we  could  call  our  own. 

Around  the  glistening  wonder  bent 
The  blue  walls  of  the  firmament. 

No  cloud  above,  no  earth  below, — 

A universe  of  sky  and  snow! 
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7.  Write  sentences  illustrating  the  correct  use  of  the  follow- 
ing: — 

(a)  Differ  from  and  differ  with. 

( b ) Divide  between  and  divide  among. 

(c)  Concur  with  and  concur  in. 

8.  Correct  the  following  : — 

(а)  If  he  don’t  come,  be  sure  and  let  me  know. 

(б)  It’s  part  of  your  duty  to  learn  them  how  to  do  it. 

(c)  I have  no  doubt  but  what  he  felt  kind  of  disappointed. 

(d)  The  mud  on  the  streets  was  perfectly  awful. 

(e)  I never  want  to  be  in  the  same  fix  again. 

( f)  All  I’ve  got  to  say  is  that  I will  be  very  surprised  if  he 

don’t  pass. 


Geography. 

Note.  — Penmanship,  spelling,  capitalization,  and  punctuation  will  be  consid- 
ered in  determining  the  excellence  of  your  paper. 

1.  What  is  the  equator?  a meridian?  longitude?  What  is  the 
greatest  longitude  a place  can  have  ? Why  ? 

2.  What  is  a mountain-system?  a watershed?  What  is  the  dis- 
tinction between  a cape  and  a promontory  ? 

3.  What  is  the  atmosphere?  Which  parts  of  the  atmosphere 
are  the  densest?  Why?  Which  parts  are  the  warmest?  Why? 

4.  Name  the  six  grand  divisions  of  the  earth  in  the  order  of 
their  size  ; the  six  largest  islands  and  the  location  of  each. 

5.  Bound  the  United  States,  exclusive  of  Alaska.  What  sepa- 
rates Alaska  from  the  rest  of  the  United  States?  Name  the  polit- 
ical divisions  of  South  America. 

6.  Draw  an  outline  map  of  Massachusetts,  and  locate  three 
important  rivers  found,  wholly  or  in  part,  in  the  State.  Draw  an 
outline  map  of  the  county  in  which  you  live,  and  locate  the  county- 
seat. 

7.  Name  the  great  lakes.  What  States  border  on  each  ? Where 
is  the  National  Park? 

8.  In  which  State  and  on  what  water  is  each  of  these  cities 
located  : Brooklyn  ? Cleveland  ? Louisville  ? Pittsburg  ? Mil- 
waukee? Lowell?  Burlington?  Minneapolis?  Cairo?  Omaha? 

9.  Under  which  national  government  are  the  following  : Canton  ? 
Lyons?  Belfast?  Marseilles?  Kioto?  Milan?  Madras?  Glasgow? 
Odessa?  Havana? 

10.  In  which  country  are  the  following,  and  for  what  are  they 
noted:  Minneapolis?  Dresden?  Smyrna?  Fez?  Naples?  Rome? 
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United  States  History. 

Note.  — Penmanship,  spelling,  capitalization,  and  punctuation  will  be  consid- 
ered in  determining  the  excellence  of  your  paper. 

1.  Distinguish  between  Pilgrims  and  Puritans.  What  colonies 
were  founded  within  the  present  limits  of  the  State  of  Massachu- 
setts ? 

2.  What  three  kinds  of  colonial  governments  were  there  ? Name 
the  colonies  that  were  under  each. 

3.  Who  was  the  first  governor  of  the  State  of  Massachusetts? 
Who  is  the  preseut  governor?  In  what  is  the  legislative  power  of 
the  State  vested? 

4.  What  was  the  principal  cause  of  the  war  of  1812?  of  the 
Mexican  war  ? What  persons  having  part  in  the  latter  war  became 
presidents  of  the  United  States? 

5.  Name  the  written  compact  or  State  paper  connected  with 
each  of  the  following  dates  : 1620,  1776,  1787,  1863. 

6.  What  were  the  articles  of  confederation?  When  did  the 
constitutional  form  of  government  go  into  effect?  Write  in  full 
the  names  of  the  thirteen  original  States. 

7.  Name  the  most  important  events  of  the  administration  of 
William  Henry  Harrison  ; of  that  of  Benjamin  Harrison. 

8.  How  many  Representatives  in  Congress  has  Massachusetts? 
How  many  United  States  Senators  are  there?  Who  is  the  Presi- 
dent of  the  United  States  Senate? 

9.  What  important  event  in  United  States  History  is  to  be 
associated  with  each  of  the  following : Hadley,  Concord,  Gettys- 
burg, Long  Island,  Harper’s  Ferry,  Chicago,  Cambridge,  New 
York. 

10.  Name  the  three  most  important  battle-fields  within  the 
limits  of  the  United  States,  and  your  reasons  for  naming  them. 


DEGREES. 

Those  who  complete  the  four  years’  course  receive  the  degree  of 
Bachelor  of  Science,  the  diploma  being  signed  by  the  governor  of 
Massachusetts,  who  is  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application,  become 
members  of  Boston  University,  and  upon  graduation  receive  its 
diploma  in  addition  to  that  of  the  college,  thereby  becoming  en- 
titled to  all  the  privileges  of  its  alumni. 

A diploma  will  be  awarded  to  those  completing  the  two  years’ 
course.  Those  completing  the  graduate  course  receive  the  degree 
of  Master  of  Science. 
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EXPENSES. 

Tuition,  in  advance  : — 


Fall  term, 

$30  00 

Winter  term,  .... 

25  00 

Summer  term,  .... 

25  00 

$80  00 

$80  00 

Room  rent,  in  advance,  $8  to  $16  per  term. 

24  00 

48  00 

Board,  $2.50  to  $5  per  week, 

« . • 

95  00 

190  00 

Fuel,  $5  to  $15,  .... 

. , 

5 00 

15  00 

Washing,  30  to  60  cents  per  week, 

• • • 

11  40 

22  80 

Military  suit,  .... 

15  75 

Expenses  per  year, . 

$371  55 

Board  in  clubs  has  been  two  dollars  and  forty-five  cents  per 
week  ; in  private  families,  four  or  five  dollars.  The  military  suit 
must  be  obtained  immediately  upon  entrance  at  college,  and  used 
in  the  drill  exercises  prescribed.  For  the  use  of  the  laboratory  in 
practical  chemistry  there  will  be  a charge  of  ten  dollars  per  term 
used,  and  also  a charge  of  four  dollars  per  term  for  the  expenses 
of  the  zoological  laboratory.  Some  expense  will  also  be  incurred 
for  lights  and  for  text  books.  Students  whose  homes  are  within 
the  State  of  Massachusetts  can  in  most  cases  obtain  a scholarship 
by  applying  to  the  senator  of  the  district  in  which  they  live. 


THE  LABOR  FUND. 

The  object  of  this  fund  is  to  assist  those  students  who  are  de- 
pendent either  wholly  or  in  part  on  their  own  exertions,  by 
furnishing  them  work  in  the  several  departments  of  the  college. 
The  greatest  opportunity  for  such  work  is  found  in  the  agricultural 
and  horticultural  departments.  Application  should  be  made  to 
Professors  Wm  P.  Brooks  and  Samuel  T.  Maynard,  respectively, 
in  charge  of  said  departments.  Students  desiring  to  avail  them- 
selves of  its  benefits  must  bring  a certificate  signed  by  one  of  the 
selectmen  of  the  town  in  which  they  are  resident,  certifying  to  the 
fact  that  they  require  aid. 


ROOMS. 

All  students,  except  those  living  with  parents  or  guardians,  will 
be  required  to  occupy  rooms  in  the  college  dormitories. 

For  the  information  of  those  desiring  to  carpet  their  rooms,  the 
following  measurements  are  given  : in  the  new  south  dormitory 
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the  study  rooms  are  about  fifteen  by  fourteen  feet,  with  a recess 
seven  feet  four  inches  by  three  feet ; and  the  bedrooms  are  eleven 
feet  two  inches  by  eight  feet  five  inches.  This  building  is  heated 
by  steam.  In  the  north  dormitory  the  corner  rooms  are  fourteen 
by  fifteen  feet,  and  the  annexed  bedrooms  eight  by  ten  feet.  The 
inside  rooms  are  thirteen  feet  and  one-half  by  fourteen  feet  and 
one-half,  and  the  bedrooms  eight  by  eight  feet.  A coal  stove  is 
furnished  with  each  room.  Aside  from  this,  all  rooms  are  un- 
furnished. Mr.  Thomas  Canavan  has  the  general  superintendence 
of  the  dormitories,  and  all  correspondence  relative  to  the  engaging 
of  rooms  should  be  with  him. 


SCHOLARSHIPS. 

Established  by  Private  Individuals. 

Mary  Robinson  Fund  of  one  thousand  dollars,  the  bequest  of 
Miss  Mary  Robinson  of  Medfield. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
Whiting  Street,  Esq.,  of  Northampton. 

Henry  Gassett  Fund  of  one  thousand  dollars,  the  bequest  of 
Henry  Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 


CONGRESSIONAL  SCHOLARSHIPS. 

The  trustees  voted  in  January,  1878,  to  establish  one  free 
scholarship  for  each  of  the  congressional  districts  of  the  State. 
Application  for  such  scholarships  should  be  made  to  the  represen- 
tative from  the  district  to  which  the  applicant  belongs.  The 
selection  for  these  scholarships  will  be  determined  as  each  member 
of  Congress  may  prefer ; but,  where  several  applications  are  sent 
in  from  the  same  district,  a competitive  examination  would  seem 
to  be  desirable.  Applicants  should  be  good  scholars,  of  vigorous 
constitution,  and  should  enter  college  with  the  intention  of  re- 
maining through  the  course,  and  then  engaging  in  some  pursuit 
connected  with  agriculture. 


STATE  SCHOLARSHIPS. 

The  Legislature  of  1883  passed  the  following  Resolve  in  favor 
of  the  Massachusetts  Agricultural  College  : — 

Resolved , That  there  shall  be  paid  annually,  for  the  term  of  four 
years,  from  the  treasury  of  the  Commonwealth  to -the  treasurer  of  the 
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Massachusetts  Agricultural  College,  the  sum  of  ten  thousand  dollars,  to 
enable  the  trustees  of  said  college  to  provide  for  the  students  of  said 
institution  the  theoretical  and  practical  education  required  by  its  charter 
and  the  law  of  the  United  States  relating  thereto. 

Resolved,  That  annually,  for  the  term  of  four  years,  eighty  free  schol- 
arships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Com- 
monwealth, after  a competitive  examination,  under  rules  prescribed  by 
the  president  of  the  college,  at  such  time  and  place  as  the  senator  then 
in  office  from  each  district  shall  designate ; and  the  said  scholarships 
shall  be  assigned  equally  to  each  senatorial  district.  But,  if  there  shall 
be  less  than  two  successful  applicants  for  scholarships  from  any  sena- 
torial district,  such  scholarships  may  be  distributed  by  the  president  of 
the  college  equally  among  the  other  districts,  as  nearly  as  possible ; but 
no  applicant  shall  be  entitled  to  a scholarship  unless  he  shall  pass  an 
examination  in  accordance  with  the  rules  to  be  established  as  hereinbe- 
fore provided. 

The  Legislature  of  1886  passed  the  following  Resolve,  making 
perpetual  the  scholarships  established  : — 

Resolved , That  annually  the  scholarships  established  by  chapter  forty- 
six  of  the  Resolves  of  the  year  eighteen  hundred  and  eighty-three  be 
given  and  continued  in  accordance  with  the  provisions  of  said  chapter. 

In  accordance  with  these  resolves,  any  one  desiring  admission 
to  the  college  can  apply  to  the  senator  of  his  district  for  a scholar- 
ship. Blank  forms  of  application  will  be  furnished  by  the  president. 


EQUIPMENT. 

Agricultural  Department. 

The  Farm.  — Among  the  various  means  through  which  instruc- 
tion in  agriculture  is  given,  none  exceeds  in  importance  the  farm. 
The  part  which  is  directly  under  the  charge  of  the  professor  of  agri- 
culture comprises  about  one  hundred  and  fifty  acres  of  improved 
land  and  thirty  acres  of  woodland.  Of  the  improved  land,  about 
thirty  acres  are  kept  permanently  in  grass,  and  managed  partly 
with  a view  to  landscape  effect.  A considerable  share  of  this  land 
is,  however,  laid  off  in  half  and  quarter  acre  plats,  and  variously 
fertilized  with  farm-yard  and  stable  manures  and  chemicals,  with 
a view  to  throwing  light  upon  the  economical  production  of  grass. 
These  plats  are  staked  and  labeled,  so  that  all  may  see  exactly 
what  is  being  used  and  what  are  the  results. 

The  balance  of  the  farm  is  managed  under  a system  of  rotation, 
all  parts  being  alternately  in  grass  and  hoed  crops.  All  the  ordi- 
nary crops  of  this  section  are  grown,  and  many  not  usually  seen 
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upon  Massachusetts  farms  find  a place  here.  Our  large  stock  of 
milch  cows  is  almost  entirely  fed  in  the  barn,  and  fodder  crops 
occupy  a prominent  place.  Experiments  of  various  kinds  are  con- 
tinually under  trial ; and  every  plat  is  staked  and  bears  a label 
stating  variety  under  cultivation,  date  of  planting  and  manures  and 
fertilizers  used. 

Methods  of  land  improvement  are  constantly  illustrated  here, 
tile  drainage  especially  receiving  a large  share  of  attention.  There 
are  now  some  nine  miles  of  tile  drains  in  successful  and  very  satis- 
factory operation  upon  the  farm.  Methods  of  clearing  land  of 
stumps  are  also  illustrated,  a large  amount  of  such  work  having 
been  carried  on  during  the  last  few  years. 

In  all  the  work  of  the  farm  the  students  are  freely  employed, 
and  classes  are  frequently  taken  into  our  fields  ; and  to  the  lessons 
to  be  derived  from  these  fields  the  students  are  constantly  referred. 

The  Barn  and  Stock.  — Our  commodious  barns  contain  a large 
stock  of  milch  cows,  many  of  which  are  grades  ; but  the  following 
pure  breeds  are  represented  by  good  animals,  viz.,  Holstein-Frie- 
sian,  Ayrshire,  Jersey,  Guernsey  and  Shorthorn.  Experiments  in 
feeding  for  milk  and  butter  are  continually  in  progress. 

We  have  a fine  flock  of  Southdown  sheep  ; swine  are  represented 
by  the  Small  Yorkshire  and  Tam  worth  breeds  ; and  besides  work- 
horses we  have  a number  of  pure-bred  Percherons  used  for  breed- 
ing as  well  as  for  work.  The  barn  is  equipped  with  a view  to 
illustrating  different  methods  of  fastening  animals,  styles  of  man- 
gers, etc.  Connected  with  it  is  an  engine  room,  storage  rooms 
for  vehicles,  machinery  and  tools,  and  a granary.  It  contains 
three  silos  and  a root  cellar. 

A very  large  share  of  the  work  in  the  barn  is  performed  by  stu- 
dents, and  whenever  points  require  illustration  classes  are  taken 
to  it  for  that  purpose. 

Dairy  Room.  — Connected  with  the  farm-house  is  a model  dairy 
room,  containing  Cooley  creamers,  by  means  of  which  our  cream 
is  for  the  most  part  raised.  We  are  provided  also  with  milk 
coolers  and  aerators  of  several  patterns,  churns,  separator,  butter 
workers,  etc.  The  various  processes  connected  with  the  creaming 
of  milk,  the  preparation  of  milk  for  market  and  the  manufacture 
of  butter  are  illustrated  here  before  our  classes. 

Equipment  of  Farm.  — Aside  from  machines  and  implements  gen- 
erally found  upon  farms,  the  more  important  of  those  used  upon 
our  farm  and  in  our  barn  which  it  seems  desirable  to  mention  are 
the  following : reversible  sulky  plough,  grain  drill,  horse  corn 
planter,  potato  planter,  hay  loader,  potato  digger,  hay  press, 
fodder  cutter  and  crusher,  and  grain  mill.  It  is  our  aim  to  try  all 
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novelties  as  they  come  out,  and  to  illustrate  everywhere  the  latest 
and  best  methods  of  doing  farm  work. 

Lecture  Room . — The  agricultural  lecture  room  in  south  college 
is  well  adapted  to  its  uses.  It  is  provided  with  numerous  charts 
and  lantern  slides,  illustrating  the  subjects  taught.  Connected 
with  it  are  two  small  rooms  at  present  used  for  the  storage  of 
illustrative  material,  which  comprises  soils  in  great  variety,  all 
important  fertilizers  and  fertilizer  materials,  implements  used  in 
the  agriculture  of  our  own  and  other  countries,  and  a collection  of 
grasses  and  forage  plants,  grains,  etc. 

Museum . — An  important  beginning  has  been  made  towards 
accumulating  materials  for  an  agricultural  museum.  This  is  to 
contain  the  rocks  from  which  soils  have  been  derived,  soils,  fertil- 
izer materials  and  manufactured  fertilizers,  seeds,  plants  and  their 
products,  stuffed  animals,  machines  and  implements.  It  is 
expected  to  make  this  collection  of  historical  importance  by  includ- 
ing in  it  old  types  of  machines  and  implements,  earlier  forms  of 
breeds,  etc.  For  lack  of  room,  the  material  thus  far  accumulated, 
which  is  considerable,  is  stored  in  a number  of  scattered  localities, 
and  much  of  it  where  it  cannot  be  satisfactorily  exhibited. 


Botanic  Department. 

The  equipment  of  the  botanic  department  has  been  collected  for 
the  twofold  purpose  of  supplementing  instruction  in  the  science  of 
botany  and  in  the  various  lines  of  horticultural  work,  as  fruit  culture, 
market  gardening,  forestry,  floriculture  and  landscape  gardening. 

For  teaching  botany  proper,  the  equipment  is  as  follows  : — 

The  Botanic  Museum , containing  the  Knowlton  Herbarium,  of 
over  ten  thousand  species  and  varieties  of  phanerogamous  and  the 
higher  cryptogamous  plants,  over  two  thousand  species  of  fungi 
and  several  collections  of  lichens  and  mosses.  It  also  contains  a 
large  collection  of  native  woods,  cut  so  as  to  show  their  individual 
structure  ; numerous  models  of  native  fruits  ; specimens  of  abnor- 
mal and  peculiar  forms  of  stems,  fruit,  vegetables,  etc. ; many 
interesting  specimens  of  unnatural  growths  of  trees  and  plants, 
natural  grafts,  etc. ; together  with  many  specimens  and  models 
prepared  for  illustrating  the  growth  and  structure  of  plants,  and 
including  a model  of  the  “ giant  squash,”  which  raised  by  the 
expansive  force  of  its  growing  cells  the  enormous  weight  of  five 
thousand  pounds. 

The  Botanic  Lecture  Room , in  the  same  building,  is  provided 
with  diagrams  and  charts  of  over  three  thousand  figures,  illustrat- 
ing structural  and  systematic  botany. 
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The  Botanic  Laboratory,  with  provision  for  twenty-five  students 
to  work  at  one  time,  is  equipped  with  twenty-three  compound 
microscopes,  including  the  makes  of  R.  B.  Tolies,  «J.  W.  Queen  & 
Co.,  R.  & J.  Beck  and  Bausch  & Lomb,  with  objectives  ranging 
from  four-inch  to  one-fifteenth  inch  focal  lengths,  and  all  the 
accessory  apparatus  requisite  for  a thorough  study  of  plant  structure 
and  plant  physiology.  Special  attention  is  here  given  to  the  study 
of  the  common  and  useful  plants  cultivated  on  the  farm,  in  the 
garden  and  under  glass.  Apparatus  for  photographing  micro- 
scopic sections  and  other  objects,  and  special  books  needed  for 
reference  by  the  students  while  at  work  in  the  laboratory,  are  soon 
to  be  added. 

Greenhouses. — To  aid  in  the  instruction  of  botany  as  well  as 
that  of  floriculture  and  market  gardening,  the  glass  structures 
contain  a large  collection  of  plants  of  a botanical  and  economic 
value,  as  well  as  those  grown  for  commercial  purposes.  They 
consist  of  a large  octagon,  forty  by  forty  feet,  with  sides  twelve 
feet  high  and  a central  portion  over  twenty  feet  high,  for  the 
growth  of  large  specimens,  like  palms,  tree  ferns,  the  bamboo, 
banana,  guava,  olive,  etc  ; a lower  octagon,  forty  by  forty  feet, 
for  general  greenhouse  plants ; a moist  stove,  twenty-five  by 
twenty-five  feet ; a dry  stove,  twenty-five  by  twenty-five  feet ; a 
rose  room,  twenty-five  by  twenty  feet;  a room  for  aquatic  plants, 
twenty  by  twenty-five  feet ; a room  for  ferns,  mosses  and  orchids, 
eighteen  by  thirty  feet ; a large  propagating  house,  fifty  by  twenty- 
four  feet,  fitted  up  with  benches  sufficient  in  number  to  accommo- 
date fifty  students  at  work  at  one  time  ; a vegetable  house,  forty- 
two  by  thirty-two  feet ; two  propagating  pits,  eighteen  by  seventy- 
five  feet,  each  divided  into  two  sections  for  high  and  low  tempera- 
tures, and  piped  for  testing  overhead  and  under-bench  heating. 
To  these  glass  structures  are  attached  three  work-rooms,  equipped 
with  all  kinds  of  tools  for  greenhouse  work.  In  building  these 
houses  as  many  as  possible  of  the  principles  of  construction,  heat- 
ing and  ventilating,  etc.,  have  been  incorporated  for  purposes  of 
instruction. 

For  instruction  in  horticulture  are  : — 

Orchards.  — The  orchards  are  extensive,  and  contain  nearly  all 
the  valuable  leading  varieties,  both  old  and  new,  of  the  large 
fruits,  growing  under  various  conditions  of  soil  and  exposure. 

Small  Fruits.  — The  small  fruit  plantations  contain  a large 
number  of  varieties  of  each  kind,  especially  the  new  and  promising 
ones,  which  are  compared  with  older  sorts,  in  plots  and  in  field 
culture.  Methods  of  planting,  pruning,  training,  cultivation,  study 
of  varieties,  gathering,  packing  and  shipping  fruits,  etc.,  are 
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taught  by  field  exercises,  the  students  doing  a large  part  of  the 
work  of  the  department. 

Nursery. — This  contains  more  than  five  thousand  trees,  shrubs 
and  vines,  in  various  stages  of  growth,  where  the  different  methods 
of  propagation  by  cuttings,  layers,  budding,  grafting,  pruning  and 
training  are  practically  taught  to  the  students. 

Garden.  — All  kinds  of  garden  and  farm-garden  crops  are 
grown  in  this  department,  furnishing  ample  illustration  of  the 
treatment  of  all  market  garden  crops.  The  income  from  the 
sales  of  trees,  plants,  flowers,  fruit  and  vegetables  aids  materially 
in  the  support  of  the  department,  and  furnishes  illustrations  of  the 
methods  of  business,  with  which  all  students  are  expected  to 
become  familiar. 

Forestry.  — Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery,  and  plantations  have  been  made  upon  the 
college  grounds  and  upon  private  estates  in  the  vicinity,  affording 
good  examples  of  this  most  important  subject.  A large  forest 
grove  is  connected  with  this  department,  where  the  methods  of 
pruning  trees  and  the  management  and  preservation  of  forests  can 
be  illustrated.  In  the  museum  and  lecture  room  are  collections  of 
native  woods,  showing  their  natural  condition  and  peculiarities ; 
and  there  have  been  lately  added  the  prepared  wood  sections  of 
R.  B.  Hough,  mounted  on  cards  for  class  room  illustrations. 

Ornamental  trees,  shrubs  and  flowering  plants  are  grouped  about 
the  grounds  in  such  a way  as  to  afford  as  much  instruction  as 
possible  in  the  art  of  landscape  gardening.  All  these,  as  well  as 
the  varieties  of  large  and  small  fruits,  are  marked  with  conspic- 
uous labels,  giving  their  common  and  Latin  names,  for  the  benefit 
of  the  students  and  the  public. 

Tool  House.  — A tool  house,  thirty  by  eighty  feet,  has  just  been 
completed,  containing  a general  store-room  for  keeping  small  tools, 
a repair  shop  with  forge,  anvil  and  work  bench,  and  open  sheds 
for  housing  wagons  and  large  tools.  Under  one-half  of  this 
building  is  a cellar  for  storing  fruit  and  vegetables.  In  the  loft  is 
a chamber,  thirty  by  eighty  feet,  for  keeping  the  hotbed  sashes, 
shutters,  mats,  berry  crates,  baskets  and  other  materials  when  not 
in  use. 

Connected  with  the  stable  is  a cold-storage  room,  with  an  ice 
chamber  over  it,  for  preserving  fruit,  while  the  main  cellar  under- 
neath the  stable  is  devoted  to  the  keeping  of  vegetables. 

The  great  need  of  this  department  is  funds  with  which  to  pur- 
chase manures  and  fertilizers  for  keeping  the  grounds  and  orchards 
in  a satisfactory  condition  of  growth.  A part  of  the  garden  land 
south  of  the  greenhouses  sadly  needs  underdraining,  and  at  a 
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small  expense  could  be  put  into  a condition  for  profitable  cul- 
tivation. 

A Massachusetts  Garden. 

The  proposition  to  devote  the  hillside  in  the  south-east  corner 
of  the  farm  to  the  growth  of  the  trees  and  plants  of  Massachusetts 
is  one  that  should  be  carried  out,  thus  adding  a very  useful  as  well 
as  beautiful  feature  to  the  grounds. 

The  location  of  the  college  is  one  of  the  most  beautiful  to  be 
found  in  the  State,  and  the  ornamentation  of  the  banks  of  the 
beautiful  sheet  of  water  between  the  botanic  department  and  the 
main  college  buildings,  as  well  as  the  hillside  above  the  green- 
houses, will  do  more  than  any  one  thing  to  make  the  college 
grounds  noted  for  their  finished  beauty  as  a combination  of  art  and 
nature. 

Zoological  Department. 

Zoological  Lecture  Room.  — This  room,  in  south  college,  is  well 
adapted  for  lecture  and  recitation  purposes,  and  is  supplied  with  a 
series  of  zoological  charts  prepared  to  order,  also  a set  of 
Leuckart’s  charts,  disarticulated  skeletons,  and  other  apparatus 
for  illustrating  the  lectures  in  the  class-room. 

Zoological  Museum.  — This  is  in  immediate  connection  with  the 
lecture  room,  and  contains  the  Massachusetts  State  collection, 
which  comprises  a large  number  of  mounted  mammals  and  birds, 
together  with  a series  of  birds’  nests  and  eggs,  a collection  of 
alcoholic  specimens  of  fishes,  reptiles  and  amphibians,  and  a 
collection  of  shells  and  other  invertebrates. 

There  is  also  on  exhibition  in  the  museum  a collection  of 
skeletons  of  our  domestic  and  other  animals,  and  mounted 
specimens  purchased  from  Prof.  H.  A.  Ward;  a series  of  glass 
models  of  jelly  fishes,  worms,  etc.,  made  by  Leopold  Blaschka  in 
Dresden  ; a valuable  collection  of  corals  and  sponges  from  Nassau, 
N.  P.,  collected  and  presented  by  Prof.  H.  T.  Fernald  ; a fine 
collection  of  corals,  presented  by  the  Museum  of  Comparative 
Zoology  in  Cambridge ; a collection  of  alcoholic  specimens  of 
invertebrates  from  the  coast  of  New  England,  presented  by  the 
National  Museum  at  Washington;  a large  and  rapidly  growing 
collection  of  insects  of  all  orders,  and  a large  series  of  clastique 
models  of  various  animals,  manufactured  in  the  Auzoux  laboratory 
in  Paris.  The  museum  is  now  open  to  the  public  from  three  to 
four  p.m.  every  day  except  Saturday  and  Sunday. 

Zoological  Laboratory.  — A large  room  in  the  laboratory  build- 
ing has  been  fitted  up  for  a zoological  laboratory,  with  tables, 
sink,  gas,  etc.,  and  is  supplied  with  a reference  library,  micro- 
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scopes,  chemical  and  other  necessary  apparatus  for  work.  This 
laboratory  with  its  equipment  is  undoubtedly  the  most  valuable 
appliance  for  instruction  in  the  department  of  zoology. 

Veterinary  Department. 

This  department  is  well  equipped  with  the  apparatus  necessary 
to  illustrate  the  subject  in  the  class  room. 

It  consists  of  an  improved  Auzoux  model  of  the  horse,  imported 
from  Paris,  constructed  so  as  to  separate  and  show  in  detail  the 
shape,  size,  structure  and  relations  of  the  different  parts  of  the 
body ; two  papier  mach6  models  of  the  hind  legs  of  the  horse, 
showing  disease  of  the  soft  tissues,  — wind-galls,  bogs,  spavins, 
etc.,  also  the  diseases  of  the  bone  tissues,  splint,  spavins  and  ring- 
bones ; two  models  of  the  foot,  one  according  to  Bracy  Clark’s 
description,  the  other  showing  the  Charlier  method  of  shoeing  and 
the  general  anatomy  of  the  foot ; a full-sized  model  of  the  bones 
of  the  hind  leg,  giving  shape,  size  and  position  of  each  individual 
bone. 

There  is  an  articulated  skeleton  of  the  famous  stallion,  Black- 
hawk  ; a disarticulated  one  of  a thorough-bred  mare,  besides  one 
each  of  the  cow,  sheep,  pig  and  dog ; two  prepared  dissections  of 
the  fore  and  hind  legs  of  the  horse,  showing  the  position  and  rela- 
tion of  the  soft  tissues  to  the  bones  ; a papier  maclie  model  of  the 
uterus  of  the  mare  and  of  the  pig  ; a gravid  uterus  of  the  cow  ; a 
wax  model  of  the  uterus,  placenta  and  foetus  of  the  sheep,  show- 
ing the  position  of  the  foetus  and  the  attachment  of  the  placenta  to 
the  walls  of  the  uterus. 

In  addition  to  the  above  there  is  a growing  collection  of  patho- 
logical specimens  of  both  the  soft  and  osseous  tissues,  and  many 
parasites  common  to  the  domestic  animals.  A collection  of  charts 
and  diagrams  especially  prepared  for  the  college  is  used  in  connec- 
tion with  the  lectures  upon  the  subject  of  anatomy,  parturition 
and  conformation  of  animals. 

Through  the  kinduess  of  Mr.  Henry  Adams  of  Amherst  the 
department  has  received  a large  sample  collection  of  the  various 
drugs  used  in  the  treatment  of  the  diseases  of  the  domestic 
animals. 

For  the  benefit  of  the  students,  sick  or  diseased  animals  are 
frequently  shown  them,  and  operations  performed  in  connection 
with  the  class-room  work.  For  the  use  of  the  instructor  of  this 
department  a laboratory  has  been  provided  in  the  old  chapel  build- 
ing. It  has  been  equipped  with  the  apparatus  necessary  for  the 
study  of  histology,  pathology  and  bacteriology,  consisting  in  part 
of  an  improved  Zeiss  microscope  with  a one-eighteenth  inch  objec- 
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tive,  together  with  the  lower  powers  ; a Lautenschlager’s  incubator 
and  hot-air  sterilizer ; an  Arnold’s  steam  sterilizer  and  a Bausch 
and  Lomb  improved  laboratory  microtome.  This  apparatus  is 
used  for  the  preparation  of  material  for  the  class  room  and  for 
general  investigation. 

Mathematical  Department. 

The  instruction  embraces  pure  mathematics,  civil  engineering, 
mechanics  and  physics.  For  civil  engineering  there  are  an  Eck- 
hold’s  omnimeter,  solar  transit,  three  engineer’s  transits,  surveyor’s 
transit,  gradienter,  plane  table,  two  common  compasses,  two  levels, 
one  architect’s  compass  level,  six  surveyor’s  chains,  six  levelling 
rods  of  various  patterns,  cross-section  rod,  and  such  other  inci- 
dental apparatus  as  is  necessary  for  practical  field  and  railroad 
work. 

For  mechanics  there  is  a full  set  of  mechanical  powers,  and  a 
good  collection  of  apparatus  for  illustration  in  hydrostatics, 
hydrodynamics  and  pneumatics.  There  is  also  a supply  of 
physical  apparatus  for  illustrating  the  general  principles  of  sound, 
heat  and  light. 

Fof  practical  study  in  electricity  there  are  several  electrical 
machines  ; small  hand  dynamo  with  complete  outfit  of  necessary 
apparatus,  coils,  standard  one  thousand  ohm  resistance  box, 
Wheatstone’s  bridge,  testing  set,  sine  and  tangent  galvanometer, 
Thomson’s  reflecting  galvanometer  with  shunt  box  and  standard 
scale,  electrometer,  direct  reading  voltmeter  and  ammeter,  and  a 
large  quantity  of  less  expensive  but  important  apparatus  for  class- 
room illustration  and  laboratory  work.  Much  of  this  collection  is 
new,  having  been  recently  added,  and  thus  the  facilities  for  prac- 
tical information  in  this  department  have  been  greatly  increased. 

Adjacent  to  the  commodious  lecture  room  are  a battery  room  and 
the  physical  cabinet. 

Chemical  Department. 

Instruction  in  general,  agricultural  and  analytical  chemistry  and 
mineralogy  is  given  in  the  laboratory  building. 

The  Lecture  Room , on  the  second  floor,  is  large  and  commodious. 
Immediately  adjoining  it  are  four  smaller  rooms,  which  serve  for 
storing  apparatus  and  preparing  material  for  the  lecture  table. 

The  Laboratory  for  beginners  is  a capacious  room  on  the  first 
floor.  It  is  well  lighted  and  ventilated,  and  furnished  with  forty 
working  tables.  Each  table  is  provided  with  sets  of  reagents  (wet 
and  dry),  a fume  chamber,  water,  gas,  drawer  and  locker.  The 
laboratory  for  advanced  students  has  eight  tables,  and  is  well 
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equipped  for  work.  A balance  room,  furnace  room  and  supply 
room  adjoin  the  laboratory. 

Apparatus  and  Collections.  — Large  additions  have  recently  been 
made  to  the  apparatus.  Deficiencies  caused  by  the  wear  and 
breakage  of  several  years  have  thus  been  supplied,  and  the  original 
outfit  considerably  increased.  The  various  rooms  are  supplied  with 
an  extensive  collection  of  industrial  charts,  including  Lenoir  and 
Foster’s  series,  balances,  microscope,  spectroscope,  polariscope  and 
numerous  models  and  sets  of  apparatus.  A valuable  and  growing 
collection  of  specimens  and  samples  fitted  to  illustrate  different 
subjects  is  also  provided.  This  includes  rocks,  minerals,  soils, 
raw  and  manufactured  fertilizers ; foods,  including  milling  prod- 
ucts ; fibres  and  other  vegetable  and  animal  products,  and  artificial 
preparations  of  mineral  and  organic  compounds. 

Military  Department. 

United  States  Property. 

2 light  twelve-pound  bronze  guns  with  implements. 

2 eight-inch  mortars  with  implements. 

2 gun  carriages. 

2 mortar  beds. 

127  Springfield  cadet  rifles. 

125  infantry  accoutrements,  sets. 

31  headless  shell  extractors. 

10,000  metallic  ball  cartridges. 

1,600  metallic  blank  cartridges. 

4,000  pasters. 

125  targets,  A and  B. 

Library. 

This  now  numbers  13,050  volumes,  having  been  increased  dur- 
ing the  year,  by  gift  and  purchase,  2,468  volumes.  It  is  placed  in 
the  lower  hall  of  the  new  chapel-library  building,  and  is  made 
available  to  the  general  student  for  reference  or  investigation.  It 
is  especially  valuable  as  a library  of  reference,  and  no  pains  will 
be  spared  to  make  it  complete  in  the  departments  of  agriculture, 
horticulture  and  botany,  and  the  natural  sciences.  It  is  open  a 
portion  of  each  day  for  consultation,  and  an  hour  every  evening 
for  the  drawing  of  books. 


PRIZES. 

Rhetorical  Prizes. 

The  prizes  heretofore  offered  by  Isaac  D.  Farnsworth,  Esq.,  will 
this  year  be  given  by  the  Western  Alumni  Association  of  the 
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Massachusetts  Agricultural  College.  These  prizes  are  awarded 
for  excellence  in  declamation,  and  are  open  to  competition,  under 
certain  restrictions,  to  members  of  the  sophomore  and  freshman 
classes. 

Military  Prize. 

A prize  of  fifteen  dollars  for  the  best  essay  on  some  military 
subject  is  offered  this  year  to  the  graduating  class  by  John  C.  Cut- 
ter, ’72,  and  Charles  H.  Southworth,  ’77. 

Flint  Prizes. 

Mr.  Charles  L.  Flint  of  the  class  of  1881  has  established  two 
prizes,  one  of  thirty  dollars  and  another  of  twenty  dollars,  to  be 
awarded,  at  an  appointed  time  during  commencement  week,  to  the 
two  members  of  the  junior  class  who  may  produce  the  best  ora- 
tions. Excellence  in  both  composition  and  delivery  is  considered 
in  making  the  award. 

Mathematical  Prize. 

A prize  of  fifty  dollars  is  offered  to  that  member  of  the  senior 
class  who  shall  pass  the  best  written  examination  in  the  mathe- 
matics of  the  regular  course. 

Grinnell  Agricultural  Prizes. 

Hon.  William  Claflin  of  Boston  has  given  the  sum  of  one  thou- 
sand dollars  for  the  endowment  of  a first  and  second  prize,  to  be 
called  the  Grinnell  Agricultural  prizes,  in  honor  of  George  B. 
Grinnell,  Esq.,  of  New  York.  These  two  prizes  are  to  be  paid  in 
cash  to  those  two  members  of  the  graduating  class  who  may  pass 
the  best  oral  and  written  examination  in  theoretical  and  practical 
agriculture. 

Hills  Botanical  Prizes. 

For  the  best  herbarium  collected  by  a member  of  the  class  of 
1893,  fifteen  dollars  is  offered,  and  for  the  second  best  a prize  of 
ten  dollars ; also  a prize  of  five  dollars  for  the  best  collection 
of  woods,  and  a prize  of  five  dollars  for  the  best  collection  of 
dried  plants  from  the  college  farm. 

The  prizes  in  1892  were  awarded  as  follows  : — 

Fowler  Rhetorical  Prizes , — Archie  H.  Kirkland  (1894),  first; 
George  H.  Merwin  (1894) , second  ; Robert  A.  Cooley  (1895), 
first;  Frank  L.  Warren  (1895),  second. 

Grinnell  Agricultural  Prizes.  — Henry  M.  Thomson  (1892), 
first;  Henry  B.  Emerson  (1892),  second. 

Hills  Botanical  Prizes.  — Edward  T.  Clark  (1892),  first ; Robert 
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H.  Smith  (1892),  second.  Collection  of  native  woods,  Henry  M. 
Thomson  (1892)  ; dried  plants  from  the  college  farm,  Frank  H. 
Plumb  (1892). 


RELIGIOUS  SERVICES. 

Students  are  required  to  attend  prayers  every  week-day  at  8.15 
a.m.,  and  public  worship  in  the  chapel  every  Sunday  at  10.30  a. m., 
unless,  by  request  of  their  parents,  arrangements  are  made  to 
attend  divine  service  elsewhere.  Further  opportunities  for  moral 
religious  culture  are  afforded  by  a Bible  class  taught  at  the  close 
of  the  Sunday  morning  service,  and  by  religious  meetings  held  on 
Sunday  afternoon  and  during  the  week,  under  the  auspices  of  the 
.college  Young  Men’s  Christian  Association. 


LOCATION. 

Amherst  is  on  the  New  London  Northern  Railroad,  connecting 
at  Palmer  with  the  Boston  & Albany  Railroad,  and  at  Miller’s 
Falls  with  the  Fitchburg  Railroad.  It  is  also  on  the  Central 
Massachusetts  Railroad,  connecting  at  Northampton  with  the 
Connecticut  River  Railroad  and  with  the  New  Haven  and  North- 
ampton Railroad. 

The  college  buildings  are  on  a healthful  site,  commanding  one 
of  the  finest  views  in  New  England.  The  large  farm  of  three 
hundred  and  eighty- three  acres,  with  its  varied  surface  and  native 
forests,  gives  the  student  the  freedom  and  quiet  of  a country  home. 


APPENDIX. 


FACTS  FOE  FARMERS. 


AGRICULTURAL. 


WILLIAM  P.  BROOKS. 


Division  First. — Fertilizers. 

1.  Fodder  crops,  pasture  grasses,  corn  stover  and  hay  all 
remove  large  amounts  of  potash  from  the  soil,  and  these  crops 
occupy  a large  proportion  of  our  improved  lands. 

2.  The  urine  of  our  domestic  animals  contains  about  four-fifths 
of  the  total  potash  of  their  excrements. 

3.  When  urine  is  allowed  to  waste,  the  manure  is  poor  in  potash. 

4.  When  manures  are  exposed  to  rains,  much  of  the  potash, 
being  soluble,  is  washed  away. 

5.  Nearly  all  special  fertilizers  are  especially  rich  in  phosphoric 
acid,  and  do  not  contain  enough  potash. 

6.  Superphosphates  were  the  first  fertilizers  to  come  into 
general  use  among  our  farmers. 

7.  When  the  farmer  buys  a fertilizer,  he  still,  nine  times  out  of 
ten,  calls  for  a phosphate. 

8.  As  a result  of  the  above  conditions,  our  soils  seem  to  be 
quite  generally  in  need  of  more  liberal  applications  of  potash. 

9.  In  the  case  of  corn  the  need  of  potash  appears  to  be  par- 
ticularly prominent. 

10.  For  a good  crop  of  corn  the  fertilizer  used  should  supply 
one  hundred  to  one  hundred  and  twenty-five  pounds  of  actual 
potash  per  acre  ; two  hundred  to  two  hundred  and  fifty  pounds  of 
muriate  of  potash  or  one  ton  of  good  wood  ashes  will  do  this. 

11.  With  ordinary  farm  or  stable  manure  it  will  generally  pay 
to  use  some  potash  for  this  crop  ; 125  to  150  pounds  of  muriate  of 
potash  has  given  profitable  results. 

12.  The  liberal  use  of  potash  means  more  clover  in  our  fields, 
more  nitrogen  taken  from  the  air,  more  milk  in  the  pail,  a richer 
manure  heap,  and  store-houses  and  barns  full  to  overflowing.  It 
means  also  a sod  which  when  turned  will  help  every  other  crop. 

13.  For  the  potato  crop  the  sulphate  appears  to  be  much 
superior  to  the  muriate  of  potash,  promoting  both  yield  and  quality 
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in  much  higher  degree ; three  hundred  to  four  hundred  pounds  of 
high-grade  sulphate  of  potash  furnishes  enough  of  this  element. 

14.  For  oats,  lye  and  grass,  nitrate  of  soda  applied  just  as 
growth  begins  in  spring  has  proved  very  beneficial ; three  hundred 
to  four  hundred  pounds  per  acre  should  be  applied. 

Division  Second.  — Silage  versus  Mangolds. 

1.  Thirty  pounds  of  corn  silage  (made  from  Longfellow  corn 
when  glazed),  fed  in  connection  with  grain,  hay  and  stover,  has 
proved  more  valuable  for  milk  production  than  forty  pounds  of 
yellow  globe  mangolds  fed  in  the  same  manner.  The  silage  has 
given  more  milk  and  more  cream,  and  the  cows  have  gained  weight 
when  receiving  it  and  lost  weight  when  getting  the  beets. 

2.  Even  under  conditions  the  most  favorable  for  the  beets,  it 
costs  about  one  and  a half  times  as  much  to  place  them  before  the 
cow  as  it  does  to  place  before  her  an  equal  quantity  of  the  best 
corn  silage. 

3.  The  beet  crop  is  a far  more  uncertain  one  than  corn. 

4.  In  view  of  the  above  facts,  the  superior  economy  of  corn 
for  the  silo  as  a food  for  milk  production  is  evident. 

Division  Third.  Corn  Stover. 

1.  Chemists  have  long  told  us  that  well-cured  corn  stover  is 
almost  equal  in  feeding  value  to  the  best  English  hay. 

2.  It  has  been  found  impossible  without  cooking  to  get  well-fed 
cows  to  eat  more  than  about  one-half  of  stover,  even  when  cut. 

3.  Machines  which  crush  or  shred  as  well  as  cut  stover  have 
removed  this  difficulty.  Highly  fed  cows  eat  crushed  stover  clean, 
and  give  most  satisfactory  results  at  the  pail.  The  advantage  to 
the  pocket-book  is  evident. 

4.  There  are  raised  annually  in  Massachusetts  about  54,000 
acres  of  corn.  This  must  yield  about  81,000  tons  of  stover. 

5.  If  this  is  worth  $8.00  a ton  for  feeding,  and  on  the  average 
about  one-half  of  it  is  wasted,  the  annual  net  loss  to  the  farmers 
of  this  State  is  about  $285,000. 

6.  This  might  be  saved  at  an  expense  of  about  $40,000,  as  it 
should  cost  only  about  a dollar  per  ton  to  crush  the  stover. 

The  full  food  value  of  the  part  uneaten  would  be  $324,000  ; the 
full  manurial  value,  according  to  Dr.  Goessmann,  is  $190,700. 
By  feeding  we  lose  only  one-fifth  of  the  manurial  value,  and  hence 
from  $324,000  I deduct  one-fifth  of  $190,700. 
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MATHEMATICAL  AND  METEORO- 
LOGICAL. 


CLARENCE  D.  WARNER. 


Measurement  of  Land. 

To  find  the  number  of  acres  in  any  rectangular  piece  of  land  : — 

Rule.  — Multiply  the  length  and  breadth  in  rods  together,  and 
divide  by  160  (the  number  of  square  rods  in  an  acre) , and  the  result 
will  be  the  required  answer. 

To  find  the  number  of  acres  in  any  rectangular  piece  of  land  : — 

( a ) When  one  side  and  perpendicular  to  that  side  from  the 
opposite  angle  are  given. 

Rule.  — Take  one-half  the  product  of  the  side  and  perpendicular, 
and  divide  by  160. 

(b)  When  three  sides  are  given. 

Rule.  — From  half  the  sum  of  the  three  sides  subtract  each  side 
separately ; multiply  the  half  sum  and  the  three  remainders 
together ; the  square  root  of  the  product  divided  by  160  will  give 
the  number  of  acres  in  the  field. 

(c)  When  the  piece  of  land  is  in  the  shape  of  a trapezoid. 

Rule. — Take  one-half  the  product  of  the  sum  of  the  parallel 

sides  and  the  perpendicular  between  those  sides,  and  divide  by  160. 

To  find  the  area  of  any  rectilineal  piece  of  land,  divide  the 
latter  into  convenient  parts,  find  the  area  of  every  part,  and  the 
sum  will  be  the  area  of  the  field. 

In  general,  the  parts  into  which  the  field  can  be  most  conven- 
iently divided  will  all  be  triangles,  but  in  some  cases  we  may  have 
a rectangle  or  a trapezoid,  whose  areas  may  be  found  by  the  pre- 
ceding rules. 

Hay  Measure. 

How  to  weigh  a haystack : — 

Rule.  — Measure  the  length  and  breadth  of  the  stack,  take 
height  from  the  ground  to  the  eaves,  add  to  this  last  one-half  of 
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the  height  from  the  eaves  to  the  top,  multiply  the  length  by  the 
breadth  and  the  product  by  the  height  (all  expressed  in  feet), 
divide  the  amount  by  27,  to  find  the  cubic  yards,  which  multiply 
by  the  number  of  pounds  supposed  to  be  in  a cubic  yard ; namely, 
in  a stack  of  new  hay  132  pounds  average  each,  if  old  hay,  154 
pounds  each. 

To  find  the  cost  of  a load  of  hay  or  straw  : — 

Rule.  — Multiply  the  price  per  ton  by  the  number  of  pounds  in 
the  load  and  divide  the  product  by  2,000,  and  the  result  will  be  the 
required  answer. 

The  same  rule  applies  to  coal  and  all  commodities  sold  by  the  ton. 

Grain  Measure. 

To  measure  grain  in  bulk  : — 

Rule.  — Multiply  the  width  and  length  of  the  pile  together,  and 
that  product  by  the  height,  and  divide  by  2,150.42  (the  number  of 
cubic  inches  in  a bushel),  and  you  have  the  contents  in  bushels. 

If  you  wish  to  find  the  contents  of  a pile  of  ears  of  corn  or  roots, 
in  heaped  bushels,  ascertain  the  cubic  inches,  and  divide  by  2,818. 

To  measure  grain  in  the  bin  : — 

Rule.  — Find  the  contents  of  the  bin  in  cubic  feet,  then  diminish 
the  contents  by  one-fifth,  and  the  result  will  be  the  contents  in 
bushels. 

The  preceding  is  a convenient  rule,  and  very  nearly  correct. 

To  find  the  dimensions  of  a bin  which  shall  contain  a given  num- 
ber of  bushels  : — 

Rule.  — Increase  the  number  of  bushels  one-fifth  the  number  of 
itself,  and  the  result  will  show  the  number  of  cubic  feet  which  the 
bin  will  contain  ; then,  when  two  dimensions  of  the  bin  are  known, 
divide  the  last  result  by  their  product,  and  the  quotient  will  be  the 
other  dimension. 

To  measure  corn  in  the  crib  : — 

Rule  1.  — Two  cubic  feet  of  good,  sound,  dry  corn  in  the  ear  will 
make  a bushel  of  shelled  corn.  To  get  the  quantity  of  shelled  corn 
in  a crib,  measure  the  length,  breadth  and  height  of  the  crib 
(inside  the  walls) , and  multiply  the  length  by  the  breadth  and  the 
product  by  the  height,  and  divide  the  result  by  2,  and  you  have 
the  number  of  bushels  of  shelled  corn  in  the  crib.  (This  rule 
applies  to  a crib  of  any  size  or  kind.) 

[Note.  — In  measuring  the  height,  of  course  the  height  of  the 
corn  is  intended.  There  will  be  a difference  in  measuring  corn  in 
this  mode  between  fall  and  spring,  because  it  shrinks  very  much 
during  the  winter,  and  consequently  settles.] 

Rule  2. — Find  the  number  of  cubic  feet  in  the  crib,  multiply 
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this  by  4 and  divide  the  product  by  9.  This  allows  2\  cubic  feet 
for  a bushel.  (It  is  the  rule  most  generally  used,  and  will  hold 
out  in  ordinary  good  corn,  even  if  measured  at  the  time  it  is 
cribbed.)  The  result  will  be  the  number  of  bushels  of  shelled 
corn. 

Measure  of  Apples,  Potatoes,  Turnips,  etc. 

To  find  the  number  of  bushels  in  a bin  : — 

Rule.  — Multiply  the  length,  breadth  and  thickness  together,  and 
this  product  by  8 ; point  off  one  figure  in  the  product  for  decimals, 
and  the  result  will  be  very  near  the  number  of  bushels. 

Any  small  or  irregular  solid,  as  fruit  or  vegetables,  may  be  esti- 
mated by  placing  the  body  in  a vessel  of  convenient  shape  and 
pouring  in  a liquid  until  the  solid  is  quite  covered;  then,  noting 
the  level,  remove  the  solid  and  again  note  the  level  at  which  the 
liquid  stands  ; the  volume  of  the  solid  is  equal  to  the  volume  of  the 
vessel  between  the  two  levels. 

How  to  Determine  the  Live  Weight  of  Cattle. 

Rule  1.  — Measure,  in  inches,  the  girth  round  the  breast,  just 
behind  the  shoulder-blade,  and  the  length  of  the  back  from  the  tail 
to  the  fore  part  of  the  shoulder-blade.  Multiply  the  girth  by  the 
length,  and  divide  by  144.  If  the  girth  is  less  than  three  feet, 
multiply  the  quotient  by  11  ; if  between  three  and  five  feet,  mul- 
tiply by  16  ; if  between  five  and  seven  feet,  multiply  by  23  ; if 
between  seven  and  nine  feet,  multiply  by  31.  If  the  animal  is 
lean,  deduct  ^ from  the  result. 

Rule  2.  — Take  the  girth  and  length  in  feet,  multiply  the  square 
of  the  girth  by  the  length,  and  multiply  the  product  by  3.36.  The 
result  will  be  the  answer  in  pounds.  The  live  weight  multiplied 
by  .605  gives  a near  approximation  to  the  net  weight. 

Timber  Measure. 

To  find  the  volume  of  a squared  or  four-sided  timber : — 

Rule.  — Multiply  the  mean  breadth  by  the  mean  thickness  and 
the  product  by  the  length,  and  take  the  result  for  the  volume. 

To  find  the  volume  of  a round  or  unsquared  timber : — 

Rule.  — Multiply  the  square  of  the  mean  quarter  girt  by  the 
length,  and  take  the  product  for  the  volume.  Or,  — 

Multiply  the  square  of  one-fifth  of  the  mean  girt  by  twice  the 
length. 

The  last  rule  gives  a result  which  is  very  nearly  exact  when  the 
piece  of  timber  is  exactly  a circular  cylinder. 
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To  find  the  superficial  contents  of  a board  or  plank : — 

Rule.  — Multiply  the  length  by  the  breadth.  When  the  board 
is  broader  at  one  end  than  at  the  other,  add  the  breadth  of  the  two 
ends  together,  and  take  half  the  sum  for  a mean  breadth.  Or,  — 
When  the  breadth  of  the  board  is  in  inches,  or  feet  and  inches  : — 
Rule.  — Multiply  the  length  of  the  board  in  feet  by  its  breadth 
taken  in  inches  and  divide  this  product  by  12,  and  the  quotient  is 
the  contents  in  square  feet. 

Number  of  shingles  required  to  cover  a roof : — 

Rule.  — Multiply  the  number  of  square  feet  in  the  roof  by  the 
number  of  shingles  per  square  foot,  and  the  product  will  be  the 
number  of  shingles  required. 

(To  the  square  foot  it  takes  9 shingles  if  exposed  4 inches  ; 8 if 
exposed  4£  inches;  if  exposed  5 inches,  to  the  weather;  car- 
penters, however,  usually  reckon  1,000  shingles  for  every  100 
square  feet  of  surface  when  the  shingles  are  exposed  4J  inches.) 

To  find  the  contents  of  a wood  pile  : — 

Rule.  — Multiply  the  length,  breadth  and  height  together,  and 
divide  the  product  by  128,  and  the  result  will  be  the  number  of 
cords  in  the  pile. 

To  find  the  cost  of  a load  of  wood : — 

Rule.  — Multiply  the  number  of  feet  in  the  load  by  the  price  per 
cord,  and  divide  the  product  by  128,  and  the  quotient  will  be  the 
price  of  the  load. 

Cistern  and  Cask  Measure. 

To  find  the  capacity  of  a round  cistern  or  tank : — 

Rule.  — Multiply  the  square  of  the  average  diameter  by  the 
depth,  and  take  T3F  of  the  product.  The  result  will  be  the  number 
of.  barrels  in  the  cistern.  (For  greater  accuracy,  multiply  by  .1865 
instead  of  r3F.) 

To  find  the  capacity  of  a square  cistern  : — 

Rule.  — Multiply  the  cubic  feet  by  .2J  (tenths). 

To  find  the  number  of  gallons  in  a cask  : — 

Rule.  — Add  into  one  sum  39  times  the  square  of  the  bung 
diameter,  25  times  the  square  of  the  head  diameter  and  26  times  ■ 
the  product  of  these  diameters  ; multiply  the  sum  by  the  length  of 
the  cask,  multiply  the  product  by  .000031473,  and  the  result  may 
be  taken  for  the  volume  of  the  cask  in  gallons. 

Drainage. 

The  Conditions  oj  Drainage. 

(a)  Amount  of  water  in  the  soil. 

( b ) Amount  of  rainfall. 
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(c)  Degree  of  moisture  in  the  air. 

(d)  The  tenacity  and  power  of  soil  to  hold  water. 

Kinds  of  Drains  used. 

(a)  Open  ditch. 

( b ) Stone  drains. 

(c)  Mole  drains. 

( d ) Tile  drains. 

Tile  drains  are  best,  and  when  well  laid  will  last  at  least  fifty 
years.  The  tile  should  be  porous,  and  laid  below  the  frost  line. 
Several  forms  of  tiles  are  made  ; the  cylindrical  form  is  considered 
best.  The  usual  size  of  these  tiles  are  1J,  2£,  3^-  inches  in  interior 
diameter. 

The  depth  and  width  between  drains  depend  largely  upon  the 
nature  of  the  land.  For  good,  thorough  drainage  of  any  kind  of 
soil,  the  drains  should  be  at  least  3 feet  deep  and  from  15  to  20 
feet  apart ; often  the  dimensions  are  3£  feet  to  4 feet  deep  and  40 
feet  apart ; in  sand  and  porous  soils  the  distance  may  be  increased 
to  50  feet.  Drains  in  sand  and  gravel  need  not  be  as  near  together 
as  those  in  a clayey  soil.  They  should,  as  nearly  as  possible,  run 
parallel  to  each  other. 

The  drain  should  be  placed  in  the  line  of  greatest  fall,  and  all 
small  or  lateral  drains  should  be  conducted  into  the  larger  or  main 
drains. 

The  least  rate  of  fall  it  is  prudent  to  give  to  a drain  in  using 
ordinary  tile  is  2.5  feet  in  1,000  or  3 inches  in  100  feet,  and 
even  this  requires  very  careful  work.  A fall  of  6 inches  in  100 
feet  is  recommended  when  it  can  be  easily  obtained. 

To  a certain  limit,  the  greater  the  fall  the  smaller  the  pipe  may 
be. 

Tar  paper  should  be  placed  over  the  joints  between  the  tiles. 

In  soft  ground  the  tiles  may  be  placed  upon  boards  laid  at  the 
bottom  of  the  drain. 

Begin  digging  the  drain  and  laying  the  tile  at  the  point  of 
outlet. 

The  following  table  will  show  the  number  of  drain  pipes  required 
per  acre  at  various  intervals,  and  of  different  length  of  pipes, 
beginning  with  those  of  12  inches  in  length,  up  to  those  of  15  : 
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Spaces  between  the  Drains. 

Twelve-inch 

Pipe. 

Thirteen-inch 

Pipe. 

Fourteen-inch 

Pipe. 

Fifteen-inch 

Pipe. 

15  feet,  .... 

2,904 

2,680 

2,489 

2,323 

18  feet,  .... 

2,420 

2,234 

2,074 

1,936 

21  feet,  .... 

2,074 

1,915 

1,778 

1,659 

24  feet,  .... 

1,815 

1,676 

1,555 

1,452 

27  feet,  . . 

1,613 

1,489 

1,383 

1,290 

30  feet,  .... 

1,452 

1,340 

1,244 

1,161 

33  feet,  .... 

1,320 

1,219 

1,131 

1,056 

36  feet,  .... 

1,210 

1,117 

1,037 

968 

39  feet,  .... 

1,117 

1,031 

957 

893 

42  feet,  .... 

1,037 

958 

888 

829 

The  Results  of  Draining. 

(a)  Staple  soil  is  made  deeper. 

( h ) Soils  are  more  easily  and  sooner  worked. 

(c)  Lime  and  manure  act  better. 

(d)  Temperature  of  the  soil  is  increased,  resulting  in  more 
favorable  conditions. 

(e)  Seed-time  and  harvest  are  earlier. 

(/)  Larger  and  better  crops,  and 

( g ) Good  natural  grasses  spring  up. 

(h)  Green  cropping  can  be  introduced,  and 

( i ) Bare  fallowing  done  away  with. 

(j)  There  are  fewer  noxious  insects. 

(Jc)  The  health  of  the  live  stock  is  improved. 

Facts  Concerning  Frost. 

Thousands  of  dollars  are  lost  to  farmers  and  gardeners  annually 
from  frost. 

If  the  sky  is  cloudy  or  there  is  a brisk  wind,  there  is  little  or  no 
danger  from  frost. 

A thin  cloth,  a layer  of  straw  or  even  a cloud  of  smoke,  will 
protect  tender  plants  unless  the  frost  is  severe. 

Take  two  thermometers  just  alike,  cover  the  bulb  of  one  with 
thin  muslin,  keep  the  latter  constantly  wet  by  having  a wick 
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fastened  to  it  and  dipping  in  a cup  of  water ; the  dry  bulb  gives 
the  temperature  of  the  air,  the  wet  bulb  the  evaporation  tem- 
perature. With  this  instrument  during  the ‘period  of  early  and 
late  frosts  a person  can  determine  with  considerable  accuracy  if 
frost  will  occur  the  following  night. 

Gen.  A.  W.  Greeley  (formerly  chief  of  the  Weather  Bureau  at 
Washington)  says  : “A  safe  and  simple  rule  to  follow  when  the 
temperature  is  at  50°  or  below,  is  to  multiply  the  difference 
between  the  readings  of  the  wet  and  dry  thermometers  by  2.5,  and 
when  the  sum  thus  obtained  is  subtracted  from  the  reading  of  the 
dry  thermometer  it  leaves  the  approximate  degree  at  which  the 
temperature  of  the  air  will  fall  the  coming  night,  unless  change  of 
wind  to  a moist  quarter  or  increase  of  cloudiness  interferes.” 

The  wet  and  dry  bulb  thermometers  and  clear  sky  and  still  air 
will  give  at  least  five  or  six  hours’  warning,  and  this  is  ample  time 
to  enable  one  to  apply  protective  measures. 


YETEEINAEY. 


JAMES  B.  PAIGE. 


Practical  Suggestions  in  Relation  to  the  Preservation  of 
Health  of  the  Domestic  Animals. 

Disinfection  of  Buildings. 

As  our  knowledge  of  medicine  increases,  it  seems  probable  that 
all  of  our  contagious  or  infectious  diseases  are  caused  by  a vege- 
table parasite  or  micro-organism,  commonly  called  a germ.  It  has 
also  been  proved  that  many  of  our  so-called  sporadic  diseases  are 
produced  by  these  low  forms  of  life.  The  more  these  are  studied, 
the  more  certain  are  we  that  they  stand  in  close  relation  to  the 
primary  causes  of  diseases  in  both  man  and  the  domestic  animals. 
Each  by  its  entrance  into  the  body  and  by  its  action  or  the  action 
of  its  products  upon  the  tissue  produces  its  own  peculiar  effects, 
which  are  noticed  in  each  particular  disease.  Many  of  the  germs 
resist  for  a long  time  the  action  of  a moderately  high  degree  of 
heat,  drying,  moisture,  oxygen  and  decomposition.  Most  of  them 
are  preserved  by  the  production  of  spores  which  are  more  resistant 
than  the  germs.  While  nearly  all  have  characters  in  common, 
each  possesses  one  or  more  characteristics  by  which  it  may  under 
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certain  conditions  be  recognized.  The  germ  diseases  affecting 
an  animal  or  person  are  spread  by  the  entrance  of  the  disease- 
producing  bodies  into  a healthy  body. 

The  most  important  and  more  common  of  the  contagious  dis- 
eases of  the  domestic  animals  which  may  in  certain  cases  be  trans- 
mitted only  to  members  of  the  same  species,  in  other  cases  to 
members  of  other  species  of  animals  and  to  members  of  the  human 
family,  are  glanders,  tuberculosis,  anthrax,  rabies,  variola,  pleuro- 
pneumonia, hog  cholera,  swine  plague,  strangles,  influenza,  canine 
distemper,  chicken  cholera  ; also  other  diseases,  caused  by  animal 
parasites,  — scabies,  ring-worm,  trichina,  etc.  Of  the  same  class 
of  diseases  of  the  human  family  may  be  mentioned  small-pox, 
scarlet-fever,  diphtheria,  measles,  typhoid  fever,  Asiatic  cholera, 
yellow-fever,  tuberculosis,  etc. 

The  means  by  which  these  diseases  are  spread  vary  according  to 
the  nature  of  the  malady  and  the  organism  which  produces  it.  In 
some  it  requires  direct  contact  of  the  healthy  with  the  diseased 
animal  or  its  products  ; in  others,  cohabitation  is  sufficient.  The 
germs  may  be  carried  from  the  sick  to  the  healthy  by  food  or 
water,  by  utensils,  by  the  clothes  or  the  body  of  the  person  attend- 
ing the  animal,  or  by  the  medium  of  the  atmosphere. 

The  object  of  disinfection  is  the  destruction  of  these  disease- 
producing  bodies  when  outside  the  animal  body.  By  disinfection 
we  endeavor  to  control  and  prevent  the  spread  of  disease  from  the 
affected  to  the  healthy  animal.  Of  the  common  and  effective 
agents  used  for  this  purpose  may  be  mentioned,  heat,  fumes  of 
sulphur  and  chlorine,  corrosive  sublimate,  carbolic  acid,  chloride  of 
lime,  and  quick-lime  in  the  form  of  whitewash.  The  use  of  the 
one  or  the  other  depends  largely  on  the  nature  of  the  object  to  be 
treated.  It  may  be  necessary  that  only  one  be  used,  or  it  may  be 
advantageous  to  employ  two  together. 

Heat,  as  a disinfectant,  if  properly  used,  is  the  most  reliable. 
Burning  may  be  resorted  to  in  case  it  is  best  to  destroy  the  mate- 
rial. It  is  applicable  to  the  destruction  of  litter,  word-work  or 
other  things  which  may  have  become  contaminated  by  a virulent 
and  fatal  virus,  or  the  body  of  an  animal  dying  of  some  of  the  con- 
tagious diseases.  Germs  in  these  materials  resist  for  a long  time 
such  natural  destructive  agents  as  drying,  moisture,  freezing, 
burying,  etc. 

Destruction  by  fire  is  preferable  to  burying,  for  certain  organ- 
isms generating  disease  find  in  soil  favorable  conditions  for  rapid 
multiplication  and  preservation.  In  such  diseases  as  anthrax  and 
pleuro-pneumonia  the  body  is  best  disposed  of  by  cremation.  In 
like  manner  the  wood-work  and  the  litter  about  the  stall  of  a horse 
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suffering  from  glanders  should  be  burned.  Iron  or  wood-work 
about  a stable  in  many  cases  may  be  thoroughly  disinfected  by 
singeing  with  a flame  from  a torch.  This  method  can  only  be 
employed  where  there  can  be  no  possible  chance  of  setting  fire  to 
the  building.  It  is  particularly  applicable  to  iron  lattice  work  used 
between  stalls,  to  iron  mangers,  brick  walls  or  plaster. 

Dry  heat  is  a perfect  disinfectant,  providing  the  contaminated 
object  be  subjected  for  fifteen  or  thirty  minutes  to  a temperature 
of  300°  F.  No  germs  can  remain  alive  any  length  of  time  at  this 
temperature.  If  the  object  to  be  treated  is  large  and  compact,  it 
becomes  necessary  that  it  be  exposed  to  this  heat  for  a sufficient 
time,  so  that  all  parts  be  raised  to  this  temperature  Glass,  tin 
and  iron  ware,  knives,  clothing,  brushes,  etc.,  are  best  disinfected 
by  this  method,  and  ordinarily  may  be  treated  in  a common  stove 
oven.  In  case  a thermometer  cannot  be  used,  a loose  wad  of  cot- 
ton batting  placed  in  the  oven  may  be  used  to  tell  when  the  tem- 
perature has  been  raised  sufficiently  high,  as  it  will,  after  a short  ex- 
posure to  a dry  heat  of  300°  or  350°  F.,  become  slightly  browned. 

Moist  heat  in  the  form  of  boiling  water  or  steam  is  particularly 
adapted  to  the  disinfection  of  articles  which  will  not  withstand  the 
high  temperature  of  the  oven,  or  which  are  ruined  by  dry  heat. 
It  is  commonly  used  in  the  disinfection  of  clothing,  etc.  In  many 
cases  prolonged  boiling  or  steaming  is  necessary  for  the  heat  to 
affect  every  part  of  the  object  being  treated.  Usually  one-half 
hour  of  boiling  is  sufficient,  but  the  work  is  more  thorough  if  the 
articles  are  subjected  to  the  action  of  the  water  or  steam  for  fifteen 
or  twenty  minutes  each  day  for  three  consecutive  days.  Com- 
pressed steam  penetrates  more  rapidly  and  destroys  germs  more 
quickly  than  boiling  water  or  steam  which  is  allowed  a free  exit. 
The  addition  of  a small  quantity  of  carbolic  acid,  one  part  of  the 
strong  acid  to  one  hundred  parts  of  water,  renders  the  steam  more 
effective. 

Sulphurous  acid  gas  is  one  of  the  best  aerial  disinfectants  known. 
It  is  especially  valuable  in  the  disinfection  of  stables,  from  the  fact 
that  it  is  easily  used,  safe  about  the  buildings,  and  non-poisonous 
when  taken  into  the  stomach.  It  has  little  or  no  injurious  effect 
upon  the  fodder  with  which  it  may  come  in  contact.  The  method 
of  preparation  and  use  is  as  follows : All  animals  should  be 
removed  from  the  room  to  be  fumigated,  all  doors,  windows  and 
ventilators  closed.  The  gas  may  be  safely  generated  by  burning 
the  flour  of  sulphur  in  an  iron  vessel,  which  may,  as  a precaution- 
ary measure  of  safety,  be  placed  upon  a brick  in  a tub  containing 
a small  amount  of  water.  The  sulphur  may  be  ignited  by  a few 
live  coals,  or  by  pouring  upon  it  a little  alcohol,  which  is  thep 
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lighted.  The  vessel  containing  the  burning  sulphur  should  be 
moved  from  place  to  place  in  the  stable.  That  the  work  may  be 
thorough,  at  least  three  pounds  of  sulphur  should  be  burned  for 
each  one  thousand  cubic  feet  of  space  to  be  disinfected.  The 
fumes  should  be  allowed  to  remain  not  less  than  twelve  hours,  but 
a period  of  twenty-four  hours  is  better.  If  less  sulphur  than 
advised  above  is  used,  the  work  will  not  be  satisfactory.  Before 
the  animals  are  replaced  in  the  building  it  should  be  thoroughly 
ventilated. 

Chlorine  is  a powerful  disinfectant  and  deodorizer,  and  is 
strongly  recommended  by  some.  As  compared  with  the  fumes  of 
sulphur,  it  is  but  little  better  as  a germ  destroyer.  It  has  the  dis- 
advantage of  being  strongly  corrosive.  It  cannot  be  used  freely 
where  fodder  is  or  where  other  material  is  stored.  For  all  practical 
purposes  sulphur  is  sufficient,  and  the  use  of  chlorine  should  be 
.entrusted  to  the  veterinarian. 

.Carbolic  acid  (one  part  to  twenty  of  water)  is  largely  used  as  a 
local  disinfectant  for  the  treatment  of  wood  or  iron  about  places 
-occupied  by  diseased  animals ; it  is  invaluable  in  disinfecting 
mangers,  stalls,  partitions  and  floors.  In  dilute  solution  small 
quantities  are  harmless  to  the  animal,  even  if  taken  directly  into 
the  stomach.  Crude  carbolic  acid  is  also  used  in  the  disinfection 
of  contaminated  soil  or  manures,  and  in  certain  cases  the  offal  and 
bodies  of  animals  dying  of  contagious  diseases.  It  is  particularly 
valuable  in  ridding  stables  and  hen-houses  of  lice  and  other  para- 
sites. One  part  of  strong  acid  with  twenty  parts  of  raw  linseed 
oil  or  castor  oil  may  be  employed  in  the  destruction  of  those  para- 
sites which  live  upon  the  skin  of  the  domestic  animals,  and  which 
are  the  cause  of  many  of  the  contagious  skin  diseases.  For  disin- 
fecting buildings  a solution  of  one  part  of  the  strong  acid  to  twenty 
parts  of  water  should  be  used.  It  is  easily  applied  with  a brush. 
It  should  be  used  liberally,  and  every  part  should  be  well  covered. 
After  it  has  been  allowed  to  dry  there  is  little  danger  to  animals, 
though  they  may  come  in  contact  with  the  parts  of  the  building 
treated.  For  use  on  soils  or  manure  heaps  or  bodies,  strong  solu- 
tions may  be  used.  The  crude  acid  is  suitable  for  all  purposes  of 
disinfection  of  buildings,  but  only  the  refined  should  be  used  for 
application  to  the  animal.  While  there  is  little  danger  from  the  use 
of  strong  solutions  of  this  drug  upon  the  interior  of  buildings,  it 
must  be  remembered  that  the  undiluted  drug  in  small  or  the  dilute 
solutions  in  large  quantities  are  active  irritating  poisons  when 
taken  into  the  body. 

Corrosive  sublimate  is  the  most  powerful  disinfectant  used,  with 
the  exception  of  fire.  A weak  solution  of  one  part  to  five  thou- 
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sand  parts  of  water  destroys  the  lower  forms  of  life.  It  is 
extremely  poisonous,  and  on  this  account  its  application  is  limited 
as  a disinfectant.  It  may  be  used  to  advantage  in  connection  with 
the  disposal  of  the  carcasses  of  animals  dying  of  certain  infectious 
diseases,  provided  they  are  to  be  buried  beyond  the  reach  of  dogs 
and  other  animals.  The  walls,  ceilings,  floors,  partitions,  etc.,  of 
buildings  which  have  been  occupied  by  animals  suffering  from  con- 
tagious disease  may  be  rendered  harmless  by  being  carefully  washed 
with  a solution  of  one  part  of  corrosive  sublimate  to  one  thousand 
parts. of  water,  approximately  sixty  grains  of  the  sublimate  to  one 
gallon  of  water.  Some  recommend  that  the  sublimate  solution  be 
used  with  lime,  in  the  form  of  a white  wash  with  which  all  parts 
shall  be  thoroughly  covered.  The  lime  in  such  cases  has  a bene- 
ficial effect  by  its  action  upon  the  organic  matter  which  may  have 
adhered  to  the  wood-work.  Care  should  be  taken  in  the  use  of 
this  drug  about  mangers,  watering  troughs,  pails,  etc.,  as  small 
quantities  produce  fatal  results  when  taken  into  the  body.  As  the 
use  of  carbolic  acid  solution  is  less  liable  to  be  attended  with 
unfavorable  results,  it  is  better  in  most  cases  to  employ  it. 

Chloride  of  lime  possesses  no  advantages  over  carbolic  acid, 
except  that  it  is  applied  more  easily,  and  to  some  extent  purifies 
the  air  of  the  building.  When  scattered  upon  the  floor  it  continues 
for  some  time  to  give  off  chlorine,  which  has  a tendency  to  destroy 
the  germs  floating  in  the  air.  It  may  also  be  used  on  contaminated 
soils  or  refuse  material.  It  cannot  be  relied  upon  alone  to  thor- 
oughly disinfect  all  parts  of  a building,  but  is  best  used  upon  the 
floors  in  connection  with  an  application  of  carbolic  acid,  corrosive 
sublimate  or  sulphurous  acid  gas  to  the  walls  and  ceilings. 

In  the  work  of  disinfection  it  is  all-important  that  it  be  done 
thoroughly.  Everything  which  has  come  in  contact  with  the 
diseased  animals,  including  clothing,  cleaning  utensils,  pails,  and 
even  the  hands  of  the  person  attending  the  sick,  should  be  care- 
fully treated.  Too  great  care  cannot  be  exercised  in  this  con- 
nection. The  success  of  getting  rid  of  contagious  matter  from  a 
building  depends  wholly  upon  the  thoroughness  of  disinfection, 
provided  the  source  of  the  contagion  has  been  removed. 

Sanitary  Stable  Construction. 

While  all  sorts  of  buildings  are  used  as  stables  for  animals,  it  is 
a well-proved  fact  that  those  which  are  improperly  constructed,  so 
that  they  cannot  be  kept  clean,  ventilated  or  lighted,  are  the  breed- 
ing places  of  disease.  Tuberculosis  among  cattle,  glanders  and 
influenza  among  horses,  spread  with  great  rapidity  and  are  more 
fatal  when  appearing  among  stock  kept  in  such  buildings. 
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In  selecting  a location  for  a stable,  procure,  if  possible,  one 
having  some  natural  protection  from  bleak  and  cold  winds.  Build 
upon  a dry,  gravelly  soil,  if  circumstances  permit.  Damp,  clayey 
soils  are  unhealthful,  from  the  fact  that  they  retain  for  a long  time 
large  quantities  of  organic  matter,  which  by  decaying  slowly  con- 
tinue to  give  off  impurities.  Again,  where  the  soil  under  the 
stable  is  filled  with  standing  water,  the  air  of  the  building  becomes 
very  damp,  a condition  unfavorable  to  the  health  of  any  domestic 
animal,  especially  the  horse.  If  it  becomes  necessary  to  build 
upon  damp  soil,  it  should  be  first  thoroughly  underdrained. 

The  position  of  one  building  in  relation  to  another  is  a matter 
that  should  not  pass  unnoticed.  So  locate  a stable  that  the  air 
coming  into  it  shall  not  be  contaminated  from  the  adjoining  build- 
ing, the  barn-yard  or  the  manure  pile.  Do  not  place  one  building 
so  as  to  exclude  the  air  or  light  from  another. 

When  constructing  a stable,  always  keep  in  mind  the  importance 
of  ventilation  ; make  some  provision  for  it  by  providing  a sufficient 
number  of  inlets  and  outlets  for  the  introduction  of  pure  air  and 
the  escape  of  impure.  Place  them  in  relation  to  each  other  so  that 
draughts  shall  not  be  produced  that  will  strike  upon  the  bodies  of 
the  animals. 

Never  build  without  making  ample  provision  for  lighting. 
Horses  kept  in  dark  stables  suffer  from  diseases  of  the  eyes. 
It  is  preferable  to  have  the  light  enter  at  the  rear  of  the  stall ; a 
bright,  glaring  light  shining  directly  through  a glass  into  the  eyes 
greatly  annoys  animals  that  have  no  means  of  protecting  these 
sensitive  organs.  The  use  of  ground  or  colored  glass  under  such 
circumstances  is  recommended. 

Stables  should  be  properly  drained,  in  order  that  the  urine  may 
not  remain  in  them  to  decompose  and  give  off  impurities  into  the 
atmosphere.  Open-surface  drains  are  better  than  pipes,  in  that 
the}'  are  more  easily  inspected  and  cleaned.  The  use  of  traps  in 
the  building  is  to  be  avoided  whenever  possible.  If  a stable  drain 
is  connected  with  a sewer,  the  connection  should  be  made  outside 
of  the  building,  and  at  this  place  a ventilated  trap  may  be  placed. 
A cast-iron  surface  drain,  with  a rough,  perforated  movable  cover- 
ing, is  best  for  use  inside. 

The  requirements  of  a good  stable  floor  are  that  it  shall  be  hard, 
durable,  not  slippery  when  wet  or  dry,  non-absorbent,  easily 
cleaned.  Tile  prepared  for  the  purpose  answers  these  require- 
ments best.  Asphalt  and  cement  are  very  good,  but  are  not  as 
durable  ; they  have  the  advantage  of  being  less  expensive.  The 
great  objection  to  wood,  especially  for  horses,  is  that  it  becomes 
quickly  worn,  particularly  when  the  shoes  are  calked ; again,  after 
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short  use  it  becomes  filled  with  large  quantities  of  urine  and  par- 
ticles of  the  solid  excrement.  When  stall  floors  are  laid,  they 
should  be  given  a slope  of  about  two  inches  from  front  to  rear, 
just  enough  to  carry  off  the  urine  into  the  drain  behind.  More 
slant  to  the  floors  on  which  horses  stand  has  an  injurious  effect,  by 
causing  strain  of  the  flexor  tendons,  or  navicular  disease  by  the 
continued  pressure  of  the  tendons  upon  the  navicular  bone. 

Stall  partitions  for  horses  should  afford  perfect  separation  of  the 
animals,  should  be  strong,  and  still  not  exclude  light  nor  interfere 
with  the  free  circulation  of  the  air.  Those  built  about  three  and 
one-half  feet  high,  of  two-inch  plank,  placed  vertically  or  hori- 
zontally, securely  fastened  at  the  head  and  foot,  having  at  the 
front  part  above  a cast-iron  or  strong  wire  lattice  work,  fill  the 
requirements. 

The  position  of  the  hay  rack  in  relation  to  the  manger  is  a point 
of  importance  in  horse  stalls.  Frequently  the  rack  is  placed 
directly  over  the  manger,  in  other  cases  a large  box-like  manger 
extending  across  the  front  of  the  stall  serves  for  both  hay  and 
grain ; both  are  objectionable,  as  the  dust  and  dirt  from  the  hay 
falls  and  remains  in  the  bottom  of  the  manger,  so  that  when  the 
grain  is  put  in  they  become  mixed,  and  the  horse  in  order  to  get 
the  grain  is  obliged  to  eat  more  or  less  foreign  matter ; this  has  an 
injurious  effect  upon  the  teeth,  causing  excessive  wearing  and  fre- 
quently breaking  or  splitting  of  these  organs.  Iron  racks  and  man- 
gers are  the  most  sanitary  and  durable  ; they  are  easily  kept  clean 
and  sweet  in  hot  weather,  and  moisture  is  not  absorbed  by  the 
iron  as  by  wood.  To  prevent  the  dust  and  dirt  from  the  hay  get- 
ting into  the  manger,  it  should  be  placed  in  one  corner  of  the  stall, 
the  hay  rack  in  the  other. 

Ventilation  of  Stables. 

While  much  has  already  appeared  in  veterinary  works  and  agri- 
cultural papers  upon  this  important  subject,  examination  of  the 
stables  of  many  of  the  most  progressive  farmers  and  stock  raisers 
shows  that  it  does  not  receive  the  attention  that  its  importance 
demands. 

While  all  recognize  the  value  of  fresh  air  for  the  proper  per- 
formance of  the  functions  of  the  respiratory  organs  and  the  blood, 
and  the  consequent  healthfulness  of  the  animal,  it  is  not  provided 
for  stock,  from  the  fact  that  owners  apprehend  that  there  is  a loss 
of  nourishment  in  food  supplied  to  animals  kept  in  cool  stables, 
and  a danger  to  them  when  subjected  to  the  influence  of  a draught 
of  fresh  air.  While  there  may  be  a slight  loss  of  the  food  con- 
stituents which  are  used  to  maintain  body  heat,  and  a danger  from 
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currents  of  fresh  air,  they  are  not  of  sufficient  importance  to  offset 
the  greater  dangers  consequent  upon  keeping  stock  in  a close 
stable,  surrounded  by  an  atmosphere  filled  with  the  products  of 
respiration  and  organic  impurities  given  off  from  the  body  or  aris- 
ing from  the  decomposition  of  animal  excrement. 

As  a return  for  food  furnished  the  animal,  we  should  look  for 
something  more  than  so  much  muscular  force,  vital  energy,  meat 
or  milk  We  ought  at  all  times  to  bear  in  mind  that  the  most 
healthful  animal  can  give  us  in  return  for  the  expenditures  made 
upon  it  these  things  in  the  greatest  abundance, — health  first, 
product  second.  It  is  poor  economy  to  so  keep  our  stock  that  a 
little  more  of  their  products  may  be  given  to  us,  while  the  health 
of  the  animal  is  made  to  suffer  by  so  doing. 

Without  supplying  fresh  air  for  the  proper  aeration  of  the  blood, 
it  is  impossible  by  any  system  of  feeding  to  preserve  the  health  of 
domestic  animals.  This  becomes  apparent  when  we  consider  that 
every  cell  of  every  organ  of  the  body  is  dependent  for  the  proper 
performance  of  its  functions  upon  a supply  of  pure  blood.  The 
blood,  in  turn,  for  the  best  performance  of  its  functions  is  depend- 
ent upon  an  unlimited  supply  of  pure  air.  Interfere  with  the 
aeration  of  the  blood,  and  you  at  once  interfere  with  the  process 
of  digestion  and  assimilation  of  food,  the  secretion  of  milk,  the 
production  of  fat,  — in  fact,  all  the  vital  forces  of  the  body  are 
weakened. 

The  objects  of  ventilation,  briefly  stated,  are  : the  supply  of 
fresh  air  to  the  lungs,  the  dilution  and  removal  from  the  stable  of 
the  products  of  respiration  and  exhalation  from  the  body,  and  the 
products  derived  from  the  decomposition  of  the  animal  excreta. 
The  impurities  derived  from  these  sources  consist  of  carbon  diox- 
ide, organic  matter,  ammonia  and  other  gases  in  small  quantities. 
The  greater  part  of  the  carbon  dioxide  is  given  off  from  the 
body  through  the  lungs  with  expired  air.  While  it  is  a deadly 
poison  when  inhaled  undiluted  in  large  quantities,  in  such  amounts 
as  are  ordinarily  found  in  the  air  of  stables  it  does  directly  but 
little  harm.  It  is,  however,  one  of  the  most  important  constitu- 
ents of  impure  air,  as  bj’  a determination  of  the  quantity  present 
we  can  calculate  how  much  organic  matter  is  present,  how  much 
fresh  air  is  necessary  for  each  animal,  and  we  can  also  tell  how 
much  fresh  air  has  to  be  supplied  to  each  animal  per  hour.  The 
organic  matter  comes  as  a product  of  respiration  and  excretion 
from  the  body  and  from  decomposing  excreta  from  the  animals. 
It  is  by  far  the  most  dangerous  constituent  of  stable  air. 

The  quantity  present  is  in  proportion  to  the  amount  of  carbon 
dioxide  given  off  through  the  lungs,  which  in  the  average-sized 


1893.]  PUBLIC  DOCUMENT  — No.  31. 


Ill 


horse  and  cow  amounts  to  about  6.5  cubic  feet  per  hour.  Dividing 
this  amount  by  the  greatest  amount  of  carbon  dioxide  which  may 
exist  in  stable  air  and  still  have  it  fit  for  respiratory  purposes,  will 
give  the  amount  of  fresh  air  required  per  hour  and  needed  to  keep 
the  air  of  the  stable  sweet  and  pure,  suitable  for  respiratory 
purposes.  It  has  been  found,  as  a result  of  numerous  experiments, 
that  .2  of  carbon  dioxide  per  1,000  volumes  of  air,  in  addition  to 
that  existing  in  practically  pure  air,  which  is  left  out  of  the  calcu- 
lation, represents  the  maximum  of  organic  matter  that  may  be 
present  in  the  air  of  the  stables,  and  still  have  it  in  condition  for 
the  lungs.  If  we  make  the  calculation,  we  find  that  32,500  cubic 
feet  of  fresh  air  are  required  for  each  full-sized  animal.  By  deter- 
mining how  much  carbon  dioxide  there  is  in  the  air  exactly  by 
chemical  tests,  or  approximately  by  the  sense  of  smell,  and  by 
dividing  the  amount  given  off  from  the  lungs  each  hour  (namely, 
6.5  cubic  feet)  by  the  amount  of  carbon  dioxide  found  in  the  stable, 
we  can  estimate  the  quantity  of  fresh  air  which  has  been  supplied 
to  each  animal  per  hour. 

The  other  impurities,  consisting  of  ammonia  and  other  gases  in 
small  quantities,  are  derived  from  the  decomposition  of  the  excre- 
ment, urine  in  particular  giving  a large  quantity  of  ammonia. 
These  constituents  are  not  very  injurious  to  the  general  health  of 
animals,  unless  present  in  large  amounts.  Horses  confined  in 
close  stables,  when  the  air  is  filled  with  ammonia,  are,  however, 
subject  to  diseases  of  the  eye  and  the  respiratory  organs,  from  the 
irritating  effects  of  the  gas  upon  the  sensitive  and  vascular  mucous 
membrane.  The  injurious  effects  of  all  other  natural  impurities 
of  stable  air  are  insignificant,  compared  with  those  of  organic 
matter. 

These  impurities  and  their  effects  are  to  be  disposed  of  by  the 
process  of  ventilation,  which  consists  of  introducing  pure  air  to 
take  the  place  of  the  impure  which  is  removed.  The  forces  by 
which  these  may  be  accomplished  are  natural  physical  forces,  con- 
sisting of  the  law  of  diffusion  of  gases,  the  difference  in  weight  of 
bodies  of  air  of  unequal  temperatures  and  winds.  By  the  law  of 
diffusion  of  gases,  those  of  different  densities  become  thoroughly 
mixed.  As  applied  to  ventilation  of  buildings,  it  prevents  the 
carbon  dioxide,  which  is  much  heavier  than  air,%from  settling  upon 
the  floor  of  the  building  The  second  force  produces  currents  of 
air  in  buildings  by  the  rising  of  the  heated  air,  while  the  cold  air, 
which  is  of  greater  density  and  weight,  descends.  This  force  is 
the  basis  of  systems  of  artificial  ventilation  in  which  artificial  heat 
is  used.  In  such  cases  currents  are  produced  and  consequent 
changing  of  the  air  takes  place.  In  the  ventilation  of  stables  this 
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force  acts  to  some  extent,  the  heat  being  derived  from  the  bodies 
of  the  animals  kept  in  it.  The  most  important  force,  however,  in 
the  natural  ventilation  of  buildings,  is  the  wind,  and  in  most 
instances  is  quite  sufficient,  provided  buildings  are  so  constructed 
that  it  may  act  to  the  best  advantage. 

Practically  we  want  certain  openings  in  the  walls,  which  may 
act  as  inlets  through  which  fresh  air  may  enter,  with  other  open- 
ings or  outlets  of  the  same  size  in  the  opposite  walls,  or  through 
the  roofs,  by  which  the  foul  air  may  escape.  These  ought  to  be  so 
arranged  as  to  produce  a perfect  distribution  of  the  fresh  air 
coming  in,  and  prevent  a current  striking  directly  upon  the  animals. 
These  inlets  and  outlets  may  be  shafts  or  tubes,  with  or  without 
cowls  ; free  or  shuttered  openings  or  ordinary  windows  placed  in 
the  walls  on  each  side  of  the  building,  hinged  at  the  bottom  so  as 
to  swing  in  at  the  top.  Those  on  the  windward  side  may  be  used 
as  inlets,  those  on  the  leeward  as  outlets.  In  case  the  direction  of 
the  wind  changes,  then  their  action  is  reversed  When  those  on 
one  side  are  open  to  admit  fresh  air,  those  on  the  opposite  side 
should  be  open  equally  wide  to  allow  the  escape  of  the  impure  air. 
By  being  hinged  at  the  bottom  and  swinging  in  at  the  top,  the 
current  of  incoming  air  when  it  strikes  the  partially  opened  window 
is  directed  upwards.  This  insures  thorough  distribution  of  cool, 
fresh  air  in  the  upper  part  of  the  stable,  before  it  settles  into  the 
lower  part  of  the  room  and  comes  in  contact  with  the  animals.  It 
also  prevents  draughts  of  air  directly  against  the  bodies  of  the 
creatures.  As  another  aid  to  the  distribution  of  the  air  and  the 
prevention  of  draughts,  it  is  oftentimes  advisable  to  place  in  front 
of  the  inlet,  at  some  distance  from  the  opening,  some  obstruction 
in  the  form  of  a shutter  or  a break  made  of  burlap,  so  placed  as  to 
direct  and  distribute  the  incoming  current  of  air. 

The  aim  should  be  in  the  ventilation  of  buildings  to  supply  a 
liberal  quantity  of  fresh  air  for  each  animal  in  the  stable,  and  to 
distribute  it  thoroughly  and  eventy,  without  draughts.  The  direc- 
tion of  the  movement  of  air  may  be  determined  by  the  use  of 
smoke  generated  by  burning  a wisp  of  damp  straw  or  by  explod- 
ing a little  gunpowder  upon  a paper,  or  by  the  movement  of  such 
light  objects  about  the  building  as  cobwebs,  dust  or  lint. 

The  size  of  the  opening  used  as  an  inlet  for  admitting  a suffi- 
cient quantity  of  fresh  air  for  a horse  or  cow  depends  upon  the 
velocity  of  the  wind.  Knowing  the  quantity  required  by  an  animal 
per  hour,  and  the  velocity  of  the  wind,  we  can  by  the  following 
table  calculate  approximately  the  size  of  an  inlet  necessary  to 
admit  that  quantity  of  air  per  hour  : — 
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Mean  Velocity  in 
Miles  per  Hour. 

Size  of  Inlet 
to  admit  32,500  Cubic  Feet 
of  Air  per  Hour. 

Calm, 

3 

2 05  square  feet. 

Light  air, 

8 

.77  square  feet. 

Light  breeze, 

13 

.473  square  feet. 

Moderate  breeze,  .... 

23 

.26  square  feet. 

Fresh  breeze, 

28 

.22  square  feet. 

The  figures  in  the  right-hand  column  refer  to  the  size  in  square 
feet  of  an  opening  necessary  to  admit  32,500  cubic  feet  of  air  per 
hour,  the  quantity  required  for  a full-grown  horse  or  cow. 

If  we  know  the  size  of  the  ventilators  or  windows,  their  number 
and  the  number  of  animals,  we  can  tell  at  a given  velocity  of  the 
wind  how  wide  the  ventilators  or  windows  must  bq  open  to  admit 
the  requisite  quantity  of  air.  The  rule  is  to  multiply  the  number 
of  animals  to  be  supplied  by  the  figures  in  the  right-hand  column  ; 
divide  this  by  the  number  of  windows  or  openings  on  the  wind- 
ward side  of  the  building,  and  you  have  the  size,  in  square  feet,  to 
which  each  should  be  opened.  To  reduce  to  linear  inches,  multiply 
the  last  number  obtained  by  144,  and  divide  that  by  the  width  of 
each  window  in  inches.  This  will  give  the  number  of  linear  inches  to 
which  each  window  or  ventilator  should  be  opened  to  admit  32,500 
cubic  feet  of  air  for  each  animal,  with  the  wind  moving  at  a given 
velocity.  Making  the  calculation  according  to  the  table,  for  one 
horse,  with  a window  30  inches  in  width,  it  would  need  to  be 
opened  in  the  first  case,  with  the  wind  moving  at  the  rate  of  three 
miles  per  hour,  about  10  inches  ; with  the  wind  at  eight  miles  per 
hour,  3|  inches;  at  13  miles,  2£  inches;  at  23  miles,  1^  inches  ; 
at  28  miles,  about  one  inch. 

We  must  bear  in  mind  that  there  must  be  on  the  leeward  side  or 
through  the  roof  of  the  building  outlets  for  impure  air  of  the  same 
size  of  the  inlets.  By  this  means  we  can  only  calculate  approxi- 
mately ; by  determining  exactly  the  velocity  of  the  wind  by  an 
anemometer,  we  could  tell  precisely  the  size  of  the  opening  with  a 
given  velocity  of  wind ; but  as  these  are  not  always  accessible,  we 
may  use  the  table  given,  judging  of  the  velocity. 

The  Relation  of  Cubic  Capacity  to  Ventilation. 

Many  who  believe  in  the  value  of  ventilation  of  buildings  occu- 
pied by  stock,  but  are  fearful  of  bad  results  from  admitting  fresh 
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air,  think  that  ventilation  may  be  supplanted  by  building  stables 
of  large  capacity.  They  imagine  that,  if  an  animal  is  provided 
with  a large  amount  of  cubic  space,  it  does  not  require  fresh  air. 
Such  is  not  the  case.  While  a large  amount  of  space  is  desirable, 
it  cannot  take  the  place  of  ventilation.  If  an  animal  requires  32,500 
cubic  feet  of  fresh  air  every  hour,  it  requires  but  a short  time  to 
fill  the  atmosphere  of  a large  stable  occupied  by  animals  with 
impurities.  The  air  in  a large  stable  becomes  just  as  foul  as  that 
of  a small  one,  — it  only  requires  a longer  time.  While  cubic 
capacity  cannot  take  the  place  of  ventilation,  it  is  desirable,  from 
the  fact  that  the  air  of  a large  stable,  if  properly  ventilated,  requires 
to  be  changed  a less  number  of  times  per  hour  than  that  of  a small 
one.  Frequent  changes  of  the  atmosphere  mean  a cool  stable  and 
draughts. 

The  amount  of  cubic  space  to  be  allowed  each  full-sized  animal 
can  be  calculated  if  we  determine  the  number  of  times  per  hour 
that  an  animal  can  bear  to  have  the  air  of  the  building  completely 
changed.  If  we  say  twelve  times  per  hour,  once  in  five  minutes, 
then  each  would  require  2,708  cubic  feet  of  space  (32,500-^-12), 
a stall  fourteen  by  fourteen  by  fourteen  feet,  or  a smaller  stall 
with  the  balance  of  the  room  in  the  body  of  the  building.  To  keep 
our  stables  in  cold  weather  warm  and  comfortable,  and  still  keep 
them  properly  ventilated  without  the  use  of  heating  apparatus,  is 
very  difficult  if  not  impossible  ; but  a study  of  the  occurrence  of 
disease  in  animals  leads  one  to  conclude  that  a supply  of  fresh  air 
is  a more  important  factor  in  preserving  the  health  of  animals  than 
is  cold  air  in  producing  disease. 

[Note.  — For  further  study  of  this  subject,  the  reader  is  referred 
to  Smith’s  “Veterinary  Hygiene.”] 

Feeding  and  Watering. 

Feeding.  — From  a study  of  the  anatomy  and  functions  of  the 
digestive  organs  of  the  horse,  we  conclude  that  he  should  be  fed 
often,  at  least  three  times  a day.  The  stomach  in  comparison  to 
the  size  of  the  animal  is  quite  small,  and  the  digestion  of  the  food 
in  it  very  rapid ; it  can  hold  but  a small  quantity  of  food,  and 
when  in  a state  of  health  for  a short  time  only. 

Horses  should  be  fed  concentrated  food,  particularly  so  if  com- 
pelled to  work  most  of  the  time  during  the  day,  having  only  a short 
time  for  eating.  Hay  alone  cannot  be  digested  in  sufficient  quan- 
tities to  supply  nutrient  material  enough  for  the  repair  of  the  tissue, 
provided  the  creature  is  made  to  perform  much  labor.  A liberal 
quantity  of  concentrated  foods,  together  with  sufficient  coarse 
material  to  give  bulk,  is  more  essential  for  the  horse  doing  road 
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work  than  for  one  engaged  in  slow  work.  Coarse  food  in  large 
amounts  overloads  the  stomach,  which  presses  upon  the  diaphragm, 
interfering  with  free  and  easy  respiration.  When  the  animal  is 
heated,  avoid  feeding  grain.  Give  a small  quantity  of  hay  until 
the  circulation  of  the  blood  has  become  equalized.  When  warm 
and  sweating,  large  quantities  of  blood  are  in  the  vessels  of  the 
superficial  parts  of  the  body  and  but  little  in  the  vessels  of  the 
stomach.  The  process  of  digestion  cannot  take  place  uuless  blood 
is  present ; consequently,  when  a horse  is  warm  and  large  quan- 
tities of  food  are  introduced  into  the  stomach,  it  remains  there  un- 
digested, and  soon  undergoes  fermentation,  which  is  accompanied 
by  the  formation  of  gas  ; this  collects  in  the  stomach  and  intes- 
tines, distending  them  and  producing  flatulent  colic. 

After  a long  fast  an  animal  should  only  be  allowed  food  in 
small  quantities  until  hunger  has  become  somewhat  appeased. 
The  stomach  weakened  by  fasting  cannot  digest  large  quantities. 

The  amount  of  grain  should  be  lessened  when  animals  are  not 
doing  their  usual  amount  of  work.  This  is  of  special  importance 
to  horses  accustomed  to  working  the  greater  part  of  the  day.  If 
allowed  to  remain  idle  no  longer  than  one  or  two  days,  the  oats  or 
corn  should  be  reduced,  and  in  most  cases  it  is  advisable  to  sub- 
stitute in  part  coarse  wheat  bran. 

Sudden  changes  of  food  are  liable  to  be  followed  by  an  attack 
of  colic,  particularly  if  the  change  from  oats  to  corn  or  hay  to 
grass  is  made.  To  avoid  bad  results,  gradually  accustom  the 
horse  to  the  change. 

Food  for  horses  should  be  of  the  best  quality.  Inferior  and 
damaged  material  of  any  sort,  musty,  mouldy  hay,  oats  or  corn, 
produce  in  horses  intestinal  disturbances,  and  frequently  disease 
of  the  urinary  organs. 

Watering.  — A horse  should  be  given  a small  quantity  of  water 
at  frequent  intervals.  Large  amounts  of  cold  water  chill  the  intes- 
tines. When  at  work,  and  even  when  heated,  small  quantities 
may  be  allowed ; large  draughts  at  such  times  are  apt  to  produce 
colic.  Either  water  one-half  hour  before  feeding  or  one  hour 
after.  If  cold  water  is  given  just  before  feeding,  the  blood  vessels 
of  the  stomach  and  intestines  become  contracted,  and  the  blood  is 
forced  out  of  them.  If  food  is  eaten  at  once,  it  may  remain 
undigested  in  the  stomach.  If  watered  soon  after  feeding, 
undigested  food  is  washed  out  of  the  stomach  into  the  intes- 
tines by  the  passage  of  the  water  through  the  stomach  into 
the  caecum.  The  stomach  and  small  intestines  retain  but  little, 
most  of  it  passing  through  into  the  large  intestines. 
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Hints  on  Management  of  the  Feet , and  Shoeing. 

Keep  the  feet  of  the  horse  clean ; neglect  of  this  pre- 
caution is  followed  by  the  development  of  thrash,  and  lameness. 
Manure  and  urine  remaining  in  the  feet  for  considerable  length  of 
time  cause  thrush.  Hard  objects,  such  as  stones,  which  become 
lodged  in  the  feet  and  allowed  to  remain,  pressing  upon  the  soles, 
are  a frequent  cause  of  bruising  and  lameness. 

Do  not  allow  the  foot  to  grow  too  long  at  the  toe.  Increased 
length  at  this  point  increases  leverage,  and  consequently  strain 
upon  the  tendons  and  ligaments  in  the  foot  and  leg,  resulting  in 
the  growth  of  spavins  and  ring-bones,  etc. 

Colts,  when  kept  in  box  stalls  or  soft  pastures,  where  their  feet 
are  not  worn  away  sufficiently,  should  receive  particular  attention. 
Keep  the  lower  portions  of  the  feet  level,  so  that  each  part  shall 
support  its  share  of  the  weight  of  the  body. 

Avoid  shoeing  young  animals  as  long  as  possible.  Contact  of 
the  foot  with  the  ground  is  a natural  condition,  and  it  tends  to 
keep  the  parts  in  a healthful  state.  Shoes  are  unnecessary  until 
the  horn  becomes  worn  away  so  much  that  it  does  not  afford  pro- 
tection to  the  soft,  sensitive  tissues  within. 

The  first  and  prime  object  of  shoeing  is  the  protection  and 
preservation  of  the  foot.  When  the  wear  of  the  horn  becomes 
greater  than  the  growth,  then  it  becomes  necessary  to  apply  some 
defence,  if  the  horse  is  kept  at  work.  The  simpler  the  defence, 
and  the  less  the  foot  is  mutilated  in  attaching  it,  the  better. 

One  of  the  most  important  points  in  shoeing  is  to  keep  the  foot 
and  shoe  perfectly  level,  so  as  to  give  to  each  part  an  equal  bearing 
upon  the  ground. 

In  preparing  the  foot  for  the  shoe,  avoid  cutting  or  rasping  any 
part  except  that  upon  which  the  shoe  rests.  The  amount  to  be  cut 
from  the  heel  and  toe  must  be  determined  by  the  natural  shape  of 
the  foot.  Partially  detached  flakes  of  horn  are  all  that  should  be 
removed  from  the  sole.  The  bars  should  be  allowed  to  remain 
intact,  unless  they  are  so  prominent  as  to  interfere  with  the  setting 
of  the  shoe. 

The  knife  need  never  be  used  upon  the  frog  when  it  is  in  a healthy 
condition.  There  is,  however,  no  objection  to  removing  partially 
detached  portions. 

In  selecting  shoes  for  an  animal,  be  guided  by  its  size  and  the 
work  required  of  it.  On  general  principles,  they  should  be  as 
light  as  possible  and  still  retain  their  shape.  If  the  soles  of  the 
foot  require  protection,  they  should  be  of  good  width,  otherwise 
narrow  ones  are  sufficient.  Both  upper  and  under  surfaces  should 
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be  perfectly  level.  The  border  should  correspond  in  shape  to  the 
margin  of  the  lower  part  of  the  wall  upon  which  it  rests.  All  parts 
of  the  foot  should  have  an  equal  bearing  upon  the  shoe.  For  this 
reason  the  shoe  at  dull  red  heat  may  be  applied  for  a short  time  to 
the  foot.  In  attaching,  use  as  few  and  small  nails  as  will  hold 
them  in  place.  They  should  be  driven  low,  especially  near  the 
quarters.  Clinches  should  be  small ; large  ones  hold  the  shoe  in 
place  no  better  than  small  ones.  If  a shoe  is  accidentally  torn 
from  the  foot,  small  clinches  do  less  harm  than  large  ones. 
Any  roughness  of  the  nails  or  the  lower  part  of  the  wall  may  be 
removed  with  the  rasp,  but  under  no  consideration  should  other 
parts  of  the  wall  be  rasped.  Shoes  should  be  removed  whenever 
they  become  loosened,  or  when  any  part  of  the  hoof  has  over- 
grown them  so  that  they  press  upon  the  sole. 
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Notes  on  Nitrogen  Manuring. 

The  three  elements  of  plant  food,  nitrogen,  phosphorus  and 
potassium,  rank  in  this  order  in  price,  nitrogen  being  the  most 
expensive.  A recent  calculation  has  shown  the  following  data  as 
to  the  amount  of  these  elements  in  nature.  The  figures  in  each 
case  represent  the  number  of  pounds  in  every  one  hundred  pounds 
of  the  earth’s  crust,  water  and  air  taken  together : — 

Potassium, 

Phosphorus, 

Nitrogen, 

A cause  for  the  relatively  high  price  of  nitrogen  might  be  traced 
in  these  figures.  This  is  much  more  plainly  shown  by  a study  of 
each  of  the  three  elements,  its  behavior  in  free  and  combined  con- 
dition, and  its  relations  to  air,  soil  and  plant. 

Potassium  and  phosphorus  have  strong  affinities  for  other 
elements.  They  are  not  found  naturally  in  the  free  state,  but  in 
combination,  usually  with  oxygen.  The  compounds  are  known  as 
potassium  oxide  and  phosphoric  acid.  They  are  solid  substances, 
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and  in  nature  are  always  still  farther  united  in  more  complex 
materials.  In  these  combinations  they  are  more  or  less  soluble, 
but  generally  not  to  such  an  extent  as  to  be  easily  washed  away  by 
drainage,  hence  they  are  retained  in  the  soil. 

Nitrogen  differs  radically  from  the  other  two  elements,  in  its 
tendency  to  remain  isolated.  It  is  exceptionally  devoid  of  affinity 
for  other  substances,  and  must  be  brought  into  combination  by 
indirect  means.  Unlike  them,  it  is  a gas,  and  as  such,  makes  up 
four-fifths  of  the  atmosphere.  Its  compounds  are  distinguished 
•by  their  tendency  to  decompose.  The  instability  of  substances 
known  as  explosives,  nitrates,  etc.,  of  albumen  and  other  similar 
bodies,  is  due  to  this  inherent  tendency  of  nitrogen  to  become  free. 

So-called  nitrogenous  matter  is  almost  constantly  undergoing 
change,  especially  when  in  the  soil.  The  products  of  these 
changes  are  nitrogen  itself,  ammonia  and  ammonia  compounds, 
and  salts,  called  nitrites  and  nitrates.  These  are  all  very  soluble, 
and  easily  lost  in  drainage  waters ; especially  is  this  true  of 
nitrites  and  nitrates.  The  nitrogen  and  ammonia,  being  gases, 
readily  escape  into  the  air. 

It  is  clear,  then,  that,  while  potassium  and  phosphorus,  or,  in 
other  words,  potassium  oxide  and  phosphoric  acid,  are  lost  only  to 
a slight  extent  by  drainage  and  not  at  all  by  evaporation,  the  stock 
of  nitrogen  on  a farm  is  at  all  times  liable  to  serious  loss  by  both 
processes.  For  this  reason,  and  the  further  one  that  the  efficiency 
of  each  of  these  elements  depends  upon  a proper  supply  of  each  of 
the  others,  it  is  apparent  that  no  more  important  question  is  pre- 
sented to  the  farmer  than  that  of  the  economical  management  of 
nitrogen. 

Much  time  and  effort  expended  on  the  study  of  this  subject  has 
yielded,  especially  during  the  past  few  years,  a large  amount  of 
practical  information.  The  purpose  of  these  notes  is  to  state 
briefly  some  of  the  results  of  such  study,  chiefly  as  they  have  been 
presented  by  Hellriegel  and  Wagner. 

Nature  offers  the  crop  free  nitrogen  and  combined  nitrogen. 
Until  recently  no  process  had  been  discovered  by  which  the  former 
was  known  to  become  available  as  food  for  plants.  The  theory 
and  practice  of  nitrogen  manuring  had,  therefore,  been  confined  to 
the  application  of  various  compounds  of  this  element.  These  are 
nitrates,  ammoniates,  and  many  constituents  of  plant  and  animal 
bodies  and  excrements. 

It  is  now  established  that  all  leguminous  plants,  such  as  pease 
and  alfalfa,  have  the  power  to  draw  free  nitrogen  from  the  atmos- 
phere. Experiments  thus  far  show  that  no  others  are  able  to  do 
this.  The  difference  between  plants  of  these  two  divisions,  in 
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this  respect,  is  indicated  by  a comparison  of  the  life-history,  for 
example,  of  barley  and  pease. 

A barley-corn  and  a pea-seed  germinate,  and  the  young  plants 
live  on  material  stored  in  the  seed.  When  this  is  exhausted,  food 
is  sought  in  the  earth  and  air.  From  the  air,  however,  only  car- 
bonic acid  is  obtained.  All  the  rest  now  comes  from  the  soil.  If 

# 

the  soil  contains  assimilable  nitrogen,  each  plant  draws  from  this 
till  the  end  of  its  growth,  and  in  the  development  of  the  two  there 
is  no  difference.  If,  however,  assimilable  nitrogen  is  not  present, 
or  only  in  insufficient  amount  in  the  soil,  a very  remarkable  differ- 
ence in  the  growth  of  the  two  plants  is  to  be  noticed.  In  such 
case,  the  barley,  starving  for  nitrogen,  passes  through  its  pre- 
scribed stages  of  development  to  seed  ripening.  As  the  young 
plant  lived  on  the  seed,  so  now  it  lives  on  its  older  organs,  leaves 
and  roots,  and  from  these  draws  material  for  formation  of  roots, 
leaves,  stem,  flowers  and  fruit ; but  no  increase  in  organic  sub- 
stance can  be  made.  The  mature  plant  contains  whatever  nitrogen 
has  been  drawn  from  the  seed  and  the  soil.  If  the  latter  yielded 
none,  then  the  harvest  actually  contains  somewhat  less  than  that 
in  the  seed  planted.  The  barley  plant  has  no  other  source  of 
nitrogen  than  that  of  the  seed  planted  and  the  soil. 

The  pea  plant,  however,  at  this  stage,  also  starving  for  nitrogen, 
has  the  capacity  to  enter  into  a life  partnership  with  a certain 
microscopic  organism.  This  partnership  is  characterized  by  the 
appearance  of  tubercles  on  the  roots  of  the  pea  plant,  and  by  a 
fundamental  connection  between  the  formation  of  these  tubercles 
and  the  assimilation , as  plant  food , of  the  free  nitrogen  of  the  air 
by  the  plant.  The  plant  itself  has  no  power  to  assimilate  free 
nitrogen.  This  comes  solely  from  the  co-operation  of  microscopic 
organisms  of  a definite  kind  in  the  soil.  If  these  are  not  present, 
the  pea  plant  matures  under  precisely  the  same  circumstances  and 
in  the  same  manner  as  the  barley  plant. 

The  legumes  do  not  take  up  nitrogen  from  the  atmosphere  as 
readily  as  from  the  soil,  and  do  not  draw  from  it  until  the 
supply  from  the  soil  is  exhausted.  But  experiments  prove  that 
it  is  generally  unprofitable  to  apply  nitrogenous  fertilizers  to  these 
plants,  because  they  can  be  forced  to  draw  from  the  atmosphere. 

In  reckoning  the  amount  of  nitrogen  to  apply  to  the  non-legumi- 
nous  crops,  attention  must  first  be  given  to  the  amount  of  this 
element  which  the  different  crops  remove  from  a given  surface,  as 
one  acre.  For  instance,  in  round  numbers  : — 

Barley  removes  53  pounds  per  acre. 

Oats  remove  62  pounds  per  acre. 

Potatoes  remove  89  pounds  per  acre. 
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It  would  not  be  good  management,  however,  to  apply  these 
amounts,  or  relatively  these,  in  manuring  the  three  crops,  because 
from  unmanured  soil  they  will  remove  nitrogen  in  the  following 
proportions  : — 


This  is  not  because  the  oats  and  potatoes  possess  a greater  power 
to  acquire  nitrogen  from  the  insoluble  substances  of  the  soil,  but 
because  of  their  longer  period  of  growth. 

As  we  have  mentioned  before,  the  nitrogenous  material  of  the 
soil  is  constantly  changing,  with  a general  result  of  the  gradual 
formation  of  soluble  substances,  as  ammonia  and  nitrates. 

A plant  having  a long  period  of  growth  in  which  to  take  up  the 
nitrogen,  as  it  slowly  becomes  soluble,  has  a great  advantage  over 
the  one  with  only  a short  period,  and  consequently  requires  a 
smaller  application  of  nitrogenous  manure.  Potatoes  have  from 
three  to  four  mouths  in  which  to  do  this  work ; barley,  only  one- 
half  this  time,  or  even  less  ; oats,  a somewhat  longer  period  than 
the  barley.  These  periods  correspond  to  the  relative  weights  of 
nitrogen  taken  up  by  the  different  plants. 

Plants  having  a short  growing  period,  as  mustard  and  rape,  have 
greater  need  of  quickly  available  nitrogen,  in  such  form  as  Chili 
saltpetre,  ammoniates,  and  easily  decomposed  organic  substances. 
Those  with  a long  growing  period,  as  potatoes,  beets,  carrots  and 
meadow  grasses,  have  less  need  of  nitrogen  in  these  forms,  for 
they  have  time  to  wait  for  the  decomposition  of  substances  like 
humus,  barn-yard  manure,  bone  meal,  etc. 

With  an  application  of  one  hundred  pounds  of  Chili  saltpetre, 
it  is  reckoned  that  in  round  numbers  the  following  yields  may  be 
produced : — 


300  pounds  of  wheat,  grain, 

300  pounds  of  rye,  grain, 

400  pounds  of  barley,  grain, 

400  pounds  of  oats,  grain, 

180  pounds  of  rape,  seed, 

3,600  pounds  of  potatoes,  tubers, 
6,400  pounds  of  sugar  beet,  roots, 
5,500  pounds  of  fodder  beet,  roots, 
5,300  pounds  of  carrot,  roots, 


with  the  corresponding  weights  of  straw  and  leaves  in  each  case. 

The  actual  yields  which  have  been  obtained  in  practice  are 
sometimes  above,  sometimes  below,  those  here  indicated.  A smaller 


Barley, . 

Oats, 

Potatoes, 
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yield  must  be  due  either  to  the  removal  of  the  Chili  saltpetre  by 
rains  beyond  the  reach  of  the  plant,  or  to  an  excessive  assimilation 
of  nitrogen  by  the  crop.  In  the  latter  casfe,  analysis  would  show 
an  abnormally  high  percentage  of  this  element  in  the  grain  and 
straw. 

Applications  of  ammonia  sulphate  generally  yield,  under  like 
circumstances,  smaller  harvests  than  those  of  Chili  saltpetre.  On 
the  average  they  are  about  nine-tenths  as  large. 

Lime  should  be  present  in  the  soil  whenever  ammonia  sulphate 
is  applied,  otherwise  very  poor  results  are  obtained. 

The  nitrogen  of  organic  materials  varies  in  its  value  as  a manure. 
This  is  greatest  in  meat,  blood  and  finely  ground  fish,  and  least  in 
hair,  horn  shavings,  and  coarse  fish  scraps. 

As  the  atmospheric  nitrogen  is  assimilated  by  the  leguminous 
plants,  it  is  easily  brought  into  the  soil  by  ploughing  under  a crop 
of  pease,  beans,  vetches,  etc.,  or  by  leaving  the  stubble  of  such  a 
crop  in  the  soil.  On  light  soils,  various  non-leguminous  plants, 
such  as  mustard  and  buckwheat,  are  often  grown  in  the  fall  and 
ploughed  under.  By  such  procedure  the  soluble  nitrogen  of  the 
soil  enters  less  soluble  combinations  in  the  crop,  and  is  thus 
retained  till  the  next  season.  The  real  value  of  this  practice  is 
not  fully  established.  On  heavy  soils  it  has  frequently  yielded 
smaller  returns,  and  is  not  to  be  recommended. 


HORTICULTURAL. 


SAMUEL  T.  MAYNARD. 


Fungicides.  — The  use  of  copper  sulphate  in  various  forms  has 
become  a necessity  in  combating  fungous  diseases  attacking  all 
garden  and  farm  crops. 

Bordeaux  mixture,  formula : Six  pounds  copper  sulphate  (blue 
vitriol)  dissolved  in  about  three  gallons  of  water,  and  four  pounds 
caustic  lime  slacked  in  water  enough  to  make  a thin  lime  wash. 
When  cool,  mix  together  thoroughly,  and  make  twenty-five  gallons 
by  adding  water.  This  has  also  been  entirely  satisfactory  when 
water  enough  has  been  added  to  make  fifty  or  even  seventy-five 
gallons  of  the  liquid. 

Ammoniacal  carbonate  of  copper,  formula : Proportion,  six 
parts  ammonium  carbonate  to  one  part  copper  carbonate  ; mix 
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together,  and  keep  in  sealed  cans.  Dissolve  one  pound  of  this 
mixture  in  twenty-five  or  fifty  gallons  of  water,  the  last  propor- 
tion being  most  commonly  used. 

Paris  green  has  proved  the  most  efficient  insecticide  for  general 
farm,  garden  and  fruit  crops.  Proportion,  one  pound  to  two  hun- 
dred gallons  of  water.  Used  with  the  Bordeaux  mixture,  Paris 
green  can  be  applied  in  larger  quantities  without  injury  than  when 
used  alone,  and  the  lime  causes  it  to  adhere  longer  to  the  foliage. 

The  knapsack  pump  for  the  garden  and  the  barrel  pump  for  the 
orchard  and  field  are  absolute  necessities  for  successful  agriculture 
and  horticulture. 

The  nozzles  giving  the  best  results  in  using  fungicides  and 
insecticides  are  those  that  produce  a very  fine  spray  or  mist.  A 
half-inch  brass  or  iron  pipe  or  a prepared  bamboo  extension  rod 
must  be  used  to  reach  the  highest  fruit  trees.  The  “ Vermorel  ” 
nozzles  and  those  made  on  the  same  principle  are  the  best. 

The  potato  beetle  and  the  potato  blight  and  rot  fungus  are  both 
destroyed  by  the  use  of  the  Bordeaux  mixture  with  Paris  green,  at 
the  rate  of  one  pound  to  one  hundred  or  two  hundred  gallons  of 
the  mixture. 

Potatoes  that  have  begun  to  rot  in  the  field  should  be  dug,  well 
dried,  and  dusted  wdth  caustic  lime  slaked  to  a dust  with  a solu- 
tion of  copper  sulphate,  one  pound  to  twenty-five  gallons  of  water, 
and  put  in  a cool  place. 

The  carnation  rust  can  be  checked  and  probably  prevented  by  a 
dilute  solution  of  the  Bordeaux  mixture.  If  this  mixture  disfig- 
ures the  blossoms,  use  the  ammoniacal  carbonate  solution. 

The  “ poplar  rust,”  so  often  attacking  species  of  the  poplar,  was 
so  abundant  during  the  fall  of  1891  as  to  seriously  injure  the  trees. 
This  season,  trees  treated  with  the  Bordeaux  mixture  retained 
their  leaves  longer  and  were  entirely  free  from  rusts,  while  those 
untreated  were  again  seriously  injured. 

Soluble  fertilizers,  like  nitrate  of  soda  and  the  potash  salts, 
should  not  be  applied  until  the  plants  start  into  growth. 

To  secure  the  best  results  on  permanently  planted  crops,  like 
the  large  and  small  fruits,  stable  manure,  ground  bone  and  the 
other  less  soluble  fertilizers  should  be  applied  in  the  fall  or  winter 
or  very  early  in  the  spring. 

In  pruning  fruit  or  ornamental  trees,  never  cut  away  large 
branches  if  it  can  be  avoided. 

Paint  any  wound  made  in  pruning  with  linseed  oil  paint,  gas  tar 
or  shellac. 

Never  cut  out  all  the  suckers  coming  on  old  apple  trees,  but  thin 
them  out , leaving  the  best.  These  growths  are  an  effort  of  the 
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tree  to  repair  the  injury  from  insects,  exposure  to  sun  or  the  bend- 
ing of  the  branches  by  a heavy  weight  of  fruit,  etc. 

The  best  time  to  remove  dead  branches  is  in  the  summer ; for 
general  pruning,  during  the  winter  and  before  the  sap  starts  in  the 
spring.  In  cutting  off  large  branches,  always  cut  on  the  under  side 
first,  so  that  £he  bark  may  not  be  torn  off  when  the  branch  falls. 

Evaporated  sulphur  is  a certain  remedy  for  nearly  all  kinds  of 
mildews  and  blights  under  glass,  and  for  the  red  spider.  It  also 
keeps  the  green  fly  and  the  mealy  bug  in  check. 

An  abundance  of  sunlight,  a low  temperature  and  a dry  house, 
are  necessary  for  the  successful  growth  of  lettuce  under  glass. 

In  houses  where  fungous  diseases  are  prevalent,  spraying  the 
foliage  should  only  be  done  in  the  morning  of  bright,  sunny  days. 


Fruits. 

The  Apple . — Few  crops  pay  a larger  per  cent  on  the  labor  and 
capital  invested  than  the  apple.  Good  fruit  cannot  be  grown  with- 
out an  abundant  supply  of  plant  food  in  the  soil.  An  acre  often 
yields  two  hundred  dollars’  worth  of  fruit,  yet  it  is  seldom  that 
one-tenth  of  its  value  is  returned  to  the  soil  in  fertilizing  elements. 
Fifteen  hundred  pounds  of  fine-ground  bone  and  three  hundred 
pounds  of  muriate  of  potash,  or  one  ton  of  unleached  hard  wood 
ashes,  with  the  same  quantity  of  bone,  make  a good  fertilizer  for 
an  acre  of  apple  trees. 

Spray  the  trees  before  the  leaves  unfold  with  copper  sulphate 
(blue  vitriol) , one  pound  dissolved  in  twenty-five  gallons  of  water. 
Then,  after  the  leaves  have  unfolded,  use  the  Bordeaux  mixture 
until  July  15,  then  the  ammoniacal  carbonate  for  the  apple  scab. 
For  the  codling  moth,  the  tent  caterpillar  and  the  canker  worm, 
add  Paris  green  to  the  Bordeaux  mixture,  one  pound  to  two  hun- 
dred gallons. 

Only  such  fruit  as  is  carefully  picked,  sorted  and  packed  will 
bring  fancy  prices. 

The  best  varieties  for  general  home  use  and  the  market  in  this 
locality  are  Bed  Astrachan,  Gravenstein,  Haas,  Hubbardston, 
Rhode  Island  Greening,  Baldwin  and  Roxbury  Russet. 

The  Pear. — The  pear  comes  into  bearing  younger  than  the 
apple,  and  is  generally  more  profitable  ; although,  as  it  is  not 
shipped  abroad,  but  is  dependent  upon  local  consumption,  it  is 
sometimes  sold  at  very  low  prices. 

To  secure  the  best  results,  a rich  soil  and  close  attention  to 
thinning  the  fruit  are  required. 

The  leaf  blight  and  the  cracking  of  the  fruit,  caused  by  the  same 
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fungus,  are  almost  if  not  wholly  controlled  by  the  copper  solu- 
tions, used  as  for  the  apple. 

The  so-called  fire  blight  is  caused  by  the  rapid  growth,  during 
extreme  hot,  mo’st  weather,  of  a minute  bacterial  plant.  No  cer- 
tain remedy  is  known,  but  trees  making  a moderately  rapid  growth 
and  not  allowed  to  overbear  are  less  subject  to  its  attack  than 
those  in  a rich,  moist  soil,  growing  rapidly  with  the  fruit  not 
thinned. 

The  quality  of  all  varieties  is  much  improved  if  the  fruit  is 
picked  from  one  to  three  weeks  before  it  would  naturally  ripen  on 
the  trees. 

The  best  varieties  for  market  and  home  use  are  Giffard,  Clapp, 
Bartlett,  Sheldon,  Bose,  Anjou,  Lawrence  and  Dana’s  Hovey. 

The  Peach. — This  fruit  can  only  be  successfully  grown  on 
elevated  land  with  a western  exposure. 

Young  trees  should  not  be  forced  into  a too  rapid  growth.  The 
best  fertilizer  is  fine-ground  bone  and  muriate  of  potash  or  wood 
ashes.  If  the  land  is.  to  be  cultivated,  corn  is  one  of  the  best 
crops  to  grow  among  the  trees  for  the  first  three  or  four  years. 
When  the  trees  have  set  a- large  crop  of  fruit,  it  is  safe  to  apply 
manure  or  fertilizers  very  liberally,  to  enable  the  tree  to  mature  it 
without  injury. 

When  a full  crop  has  been  set,  thinning  must  be  done,  leaving 
at  least  four  inches  between  any  two  specimens.  One  hundred 
peaches  from  trees  which  have  been  thinned  will  often  measure 
more  than  three  times  that  number  from  unthinned  trees,  and  will 
bring  two  or  three  times  the  price. 

Peach  trees  can  easily  be  kept  in  good  condition  for  about 
fifteen  years,  with  good  treatment,  but  will  not  last  much  longer. 

The  only  practical  method  of  protecting  the  peach  buds  from 
winter-killing  is  to  loosen  the  roots  on  the  south  side  and  bend  the 
top  to  the  ground,  covering  it  with  mats,  straw  or  coarse  litter  of 
any  kind.  To  prevent  injury  by  mice,  spray  the  trees  before 
bending  over  with  Bordeaux  mixture  and  Paris  green. 

No  distinct  fungous  or  bacterial  growth  has  thus  far  been  found 
which  causes  the  disease  known  as  the  yellows.  Heading  back  the 
trees  one-fourth  of  the  new  growth  each  fall  or  winter,  using  fer- 
tilizers containing  all  the  elements  of  plant  food  — especially 
potash  — in  liberal  quantities,  and  thinning  the  fruit  when  the 
trees  are  overloaded,  will  generally  prevent  this  disease  in  New 
England. 

The  peach  borer  is  best  destroyed  by  the  knife. 

Best  varieties  for  New  England  are  Amsden,  Mountain  Rose, 
Old  Mixon,  Crawford’s  Early,  Crawford’s  Late,  Crosby  (Excelsior) 
and  Stump. 
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The  fruit  rot  can  be  largely  prevented  by  frequent  applications 
of  very  dilute  Bordeaux  mixture  (dilute  to  one  hundred  gallons  of 
the  mixture)  about  the  time  the  fruit  is  ripening. 

The  Plum.  — If  planted  a good  distance  apart,  in  a rich,  well- 
drained  soil,  with  a free  circulation  of  air  around  and  among 
them,  plum  £rees  can  be  successfully  grown. 

The  black  wart  or  knot,  so  destructive  to  the  plum  and  sour 
cherry  trees  throughout  the  country,  can  be  prevented  by  cutting 
off,  by  painting  with  kerosene  paste  and  by  spraying  with  the 
Bordeaux  niixture.  If  the  trees  are  badly  infected,  they  should 
be  severely  headed  back  and  a new  head  formed,  upon  which  — 
with  the  above  treatment  — few  if  any  warts  will  grow. 

The  plum  curculio,  the  fruit  rot  and  the  blight  or  shot-hole 
fungus  are  largely  prevented  by  the  use  of  the  Bordeaux  mixture 
and  Paris  green. 

Best  varieties,  Lombard,  Bradshaw,  Imperial  Gage  and 
MeLaughlin. 

The  Grape.  — On  the  higher  hills  in  almost  all  sections  of 
Massachusetts  frosts  do  little  injury  until  the  first  or  middle  of 
October,  and  on  many  of  these  hills  grapes  can  be  as  successfully 
and  cheaply  grown  as  in  the  noted  lake  shore  regions  of  New  York 
and  Ohio. 

Native-grown  grapes  put  on  the  market  in  a fresh  condition, 
with  the  bloom  uninjured,  sell  for  from  three  to  five  cents  per 
pound  more  than  those  coming  from  the  West. 

The  powdery  mildew  and  the  black  rot  of  the  grape  are  not  so 
injurious  in  New  England  as  in  the  more  western  sections,  but 
they  seem  to  be  increasing.  They  are  controlled  by  the  Bordeaux 
mixture  and  the  ammoniacal  copper  carbonate. 

Prune  the  vines  any  time  when  convenient,  from  the  time  the 
leaves  fall  until  March  1,  never  later  if  it  can  be  avoided. 

Girdling  the  vines  about  July  1 hastens  the  ripening  of  the 
grape  and  increases  the  size  of  the  berries.  Observations  of  vines 
thus  treated  for  ten  years  and  even  longer  have  shown  their  vigor 
to  be  generally  unimpaired.  By  the  use  of  the  Bordeaux  mixture,- 
and  girdling,  some  valuable  late  varieties  and  those  much  subject 
to  the  attack  of  the  mildew  or  rot  can  now  be  successfully  grown. 

Best  varieties  for  general  purposes,  Concord,  Worden,  Moore’s 
Early  and  Winchel  (Green  Mountain) . 

Blackberries.  — Plant  on  rather  light  laud,  and  mulch  if  the 
season  is  dry.  To  prevent  the  winter-killing,  the  canes  must  be 
bent  over  and  partly  covered  with  soil. 

To  destroy  the  rust,  spray  before  the  leaves  unfold  with  the 
copper  sulphate,  one  pound  to  twenty-five  gallons  of  water,  and 
with  the  Bordeaux  mixture  after  unfolding. 
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The  best  varieties  are  Agawam,  Snyder  and  Taylor’s  Prolific. 

Raspberries . — The  red  raspberry  requires  the  same  treatment 
as  the  blackberry,  but  should  be  planted  on  richer  ground. 

Varieties  of  red  raspberries  most  successful  in  field  culture  are 
Hansel,  Marlborough,  Cuthbert ; black  caps,  Souhegan,  Gregg, 
Crawford  and  Nemeha. 

The  Bordeaux  mixture  and  copper  sulphate  applied  as  described 
for  the  blackberry  will  control  the  anthracnose  on  the  black  caps. 

Strawberries.  — A deep,  rich,  well-drained  loam  gives  the  largest 
crop. 

Spray  with  the  Bordeaux  mixture  and  Paris  green  as  soon  as  the 
plants  start  into  growth  in  the  spring,  for  the  spotted  paria  and  the 
leaf  blight. 

Best  varieties  are  Beder  Wood  (S),  Bubach  (P),  Haverland 
(P),  Belmont  (S)  and  Sharpless  (S). 

General. 

A weed  is  a plant  out  of  place. 

One  year's  seeding  is  seven  years’  weeding. 

Weight  of  excrement  solid  and  liquid  voided  daily  by  an  ox  of 
ordinary  size  is  estimated  at  one  hundred  and  twenty-six  pounds, 
— fifty-six  solid  and  seventy  liquid. 

The  horse  produces  three-fourths  of  the  weight  of  its  food  in 
manure,  and  makes  twelve  tons  in  the  year. 

A farm  should  manure  itself  once  in  four  years,  at  the  rate  of 
sixteen  tons  per  acre. 

The  cow  voids  20,000  pounds  of  urine  in  a year  ; the  horse  voids 
4,380  pounds  ; the  pig  voids  1,200  pounds  ; the  sheep,  380  pounds. 

Fourteen  pounds  of  straw  (cut)  will  absorb  twenty-two  and  one- 
half  pounds  of  urine  or  liquid  manure. 

Vitality  of  Seeds. 

Onion,  parsnip,  leeks,  one  year  ; beans,  peas,  peppers,  rhubarb, 
sage,  two  years ; asparagus,  endive,  lettuce,  parsley,  spinach, 
radish,  three  years  ; broccoli,  cauliflower,  cabbage,  celery,  turnip, 
four  years ; beet,  cucumber,  melon,  pumpkin,  squash,  tomato, 
five  years. 

Rule  for  determining  the  number  of  plants  required  per  acre  at 
a certain  distance  apart  each  way : Multiply  the  distance  between 
the  plants  each  way,  and  divide  43,560  (number  of  square  feet  in 
an  acre)  by  the  product,  thus  : — 

3x3=9 ) 43,560 

4,840  — number  of  plants. 
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Earthworms. 

Agricultural  Chemistry. 

Lawes  and  Morton  — Soil  of  the  Farm. 
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Johnson  — How  Crops  Grow. 

Johnson  — How  Crops  Feed. 
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Fream  — Soils  and  their  Properties. 
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Ward  — Diseases  of  Plants. 

Ellwanger  — The  Rose. 

Wood  — Fourteen  Weeks  in  Botany. 

Henderson  — Practical  Floriculture. 
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Crops. 

Morrow  and  Hunt  — Soils  and  Crops  ®f  the  Farm. 
Wrightson  — Farm  Crops. 

Wright  son  — Fallow  and  Fodder  Crops. 

Smith  — Diseases  of  Field  and  Garden  Crops. 

Griffiths  — Diseases  of  Crops,  and  their  Remedies. 

Carman  — New  Potato  Culture. 

Fream  — Rothamsted  Experiments  on  Wheat,  Barley,  etc. 

Dairy. 

Flint  — Milch  Cows  and  Dairy  Farming. 

Sheldon  — The  Farm  and  the  Dairy. 

Long — Dairy  Farm. 


Drainage. 

Chamberlain  — Practical  Drainage. 
French  — Farm  Drainage. 

Waring  — Draining  for  Profit. 
Klippart — Land  Drainage. 

Miles  — Land  Draining. 


Ensilage. 

Cooke  — Silos  and  Ensilage. 

Ross  — Practical  Treatise  on  Ensilage. 

Potter  — Construction  of  Silos. 

Nesbit  — Silos  and  Ensilage. 
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Saunders  — Insects  Injurious  to  Fruits. 

Harris  — Insects  Injurious  to  Vegetation. 

Weed  — Insects  and  Insecticides. 

Treat  — Injurious  Insects  of  Farm  and  Garden. 

Cook  — Manual  of  the  Apiary. 

Cook  — Bee-keeping. 

Fernald  — Butterflies  of  Maine. 

Fernald  — Orthoptera  of  New  England. 

Feeding. 

Armsby  — Manual  of  Cattle  Feeding. 

Stewart  — Feeding  Cattle. 

Quincy  — Essays  on  Soiling  of  Cattle. 

Henry  — Cattle  Feeding,  in  “Special  Report  on  Diseases  of 
Cattle  ” (government  publication) . 
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Fertilizers. 

Gregory  — Fertilizers. 

Ville  ( Crookes ) — Artificial  Manures. 

Dana  — Muck  Manual  for  Farmers. 

Harris  — Talks  on  Manures. 
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Newliall  — Trees  of  North-eastern  America. 

Fuller  — Practical  Forestry. 

Fuller  — Forest  Tree  Culturist. 

Ward  — The  Oak. 

Fruits. 

Fuller  — Small  Fruit  Culture. 

Downing  — Fruit  and  Fruit  Trees  of  America. 

Thomas  — American  Fruit  Culturist. 

Barry  — Fruit  Garden. 

Strong  — Fruit  Culture  and  the  Laying  out  and  Management  of 
a Country  House. 

Weed  — Spraying  Crops,  why,  when  and  how. 

Maynard  — Practical  Fruit  Grower. 

Bailey — Horticultural  Rule  Book. 

Bailey  — Nursery  Book. 

Scribner  — Fungous  Diseases  of  the  Grape. 

Grass. 

Beal  — Grasses  of  North  America  for  Farmers. 

HacJcel  — The  True  Grasses. 

Roland  — Management  of  Grass  Lands. 

Hygiene. 

Prudden  — Dust  and  its  Dangers. 

Prudden  — Drinking  Water  and  Ice  Supplies. 

Prudden  — Story  of  the  Bacteria. 

Live  Stock. 

Curtis  — Horses,  Cattle,  Sheep  and  Swine. 

Herbert  — Hints  to  Horse  Keepers. 
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Sanders  — Breeds  of  Live  Stock. 

Wallace  — Farm  Live  Stock. 

Roland  — Stock-keeping  and  Stock-raising. 

Sturtevant  — The  Dairy  Cow  ; a monograph  on  the  Ayrshire. 
Hazard  — The  Jersey,  Alderney  and  Guernsey;  Their  History 
and  Management. 

Linsley  — Jersey  Cattle  in  America. 

Linsley  — The  Morgan  Horse. 

Darwin  — Animals  and  Plants  under  Domestication. 

Market  Gardening. 

Henderson  — Gardening  for  Profit. 

Rawson  — Success  in  Market  Gardening. 

Greiner  — How  to  make  the  Garden  Pay. 

Vilmorin  — Vegetable  Garden. 

Meteorology. 

Johnson  — Sunshine. 

Lewis  — Air  and  Water. 

Smith  — Air  and  Rain. 

Greely  — American  Weather. 

Physical  Geography. 

Shaler  — Aspects  of  the  Earth. 

Marsh  — The  Earth  as  modified  by  the  Action  of  Man. 

Shaler  — Nature  and  Man  in  America. 

Ball  — Causes  of  an  Ice  Age. 

Political  Science. 

Dole  — The  American  Citizen. 

Bowker  — Economics  for  the  People. 

Symes  — A Short  Text-book  on  Political  Economy. 

Walker  — Political  Economy  (Briefer  course). 

Ely  — Political  Economy  (Chautauqua  series). 

Cossa  — Taxation,  Principles  and  Methods. 

Shaw  — The  National  Revenues. 

Ely  — Taxation  in  American  States  and  Cities. 

Holyoake  — History  of  Co-operation. 

Poultry. 

Profits  in  Poultry  (Orange  Judd). 

Felch  — Poultry  Culture. 


Sheep. 

Randall  — Practical  Shepherd. 
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Stock  Breeding. 

Miles  — Stock  Breeding. 

Sanders  — Horse  Breeding. 

Warfield  — Cattle  Breeding. 

Swine. 

Coburn — Swine  Husbandry. 

Veterinary. 

Law  — Farmers’  Veterinary  Adviser. 

Smith  — Manual  of  Veterinary  Hygiene. 

Special  Report  on  Diseases  of  the  Horse  (government  publica- 
tion) . 

Special  Report  on  Diseases  of  Cattle  (government  publication). 
Special  Report  on  Diseases  of  Sheep  (government  publication) . 
Miles  — The  Horse’s  Foot,  and  how  to  keep  it  sound. 
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